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The eighth edition of Blueprint Reading for Welders provides detailed information to help students develop 
skills necessary to interpret working sketches and prints common to the metalworking field. 

The engineering drawing is the medium by which the engineer/designer and drafter convey information 
to welders, machinists, and other related trades. To use the drawing, the welder is required to understand 
both conventional drafting symbology and specialized welding symbols. The ability to interpret the drawing 
is a skill that welders must develop through repeated practice. The text provides ample opportunity for such 
practice through the end of unit review assignments. 

Information on the purpose and makeup of prints is taught in easy-to-follow steps. The text begins with 
simple drafting concepts and sketching techniques, then covers the metal structural shapes commonly used by 
welders. More advanced drafting techniques are described, including auxiliary views; detail views; projections; 
and sections, detail, and assembly drawings. Once the learner is familiar with the basic drafting concepts and 
components of drawings, the American Welding Society standard weld symbols are introduced. A substantial 
part of the text then examines each weld symbol, its representation on a drawing, dimensioning requirements, 
and specific meaning in different situations. An entire unit is devoted to explaining basic joints for weldment 
fabrications. Other topics explained in detail include pipe welding symbols and their application, applied 
metrics and dual dimensioning, nondestructive examination symbols, bills of materials, international standard 
symbols (ISO) for welding, first-angle and third-angle orthographic projection, geometric dimensioning and 
tolerancing, and computer-aided drafting. 

The appendix section includes updated specification sheets for structural metal shapes, including pipes, 
and tables for converting decimal, fractional, and whole inches to millimeters. 

Folded, tear-out drawings at the back of the text reproduce selected assignment drawings in a larger size 
for ease of interpretation. The large size drawings also include drawings for the comprehensive test provided 
in the Instructor's Guide. 

Content changes for the eighth edition include: 


Terminology and weld symbol revisions. 
Additional problems for selected units. 


Additional prints with related problems. 


This is an educational resource that creates a truly electronic classroom. It isa CD-ROM containing tools and 
instructional resources that enrich your classroom and make the instructor's preparation time shorter. The 
elements of e.resource link directly to the text and tie together to provide a unified instructional system. With 
e.resource, you can spend your time teaching, not preparing to teach. ISBN: 1-4283-3530-7 


Features contained in e.resource include: 


™ Instructor’s Guide: Answers and solutions to end-of-unit review questions and problems are provided. 
™ Syllabus: A summary outline or guide for presenting a course on blueprint reading for welders. 


® Unit Hints: Objectives and teaching hints provide the basis for a lecture outline that helps you present 
concepts and material. Key points and concepts can be highlighted for student retention. 


™ Lesson Plans: These list the overview of each unit, state objectives, suggest possible lab equipment, and 
recommend student assignments and evaluation. 


™ PowerPoint® Presentation: These slides provide the basis for a lecture outline that helps you present 
concepts and material. Key points and concepts can be graphically highlighted for student retention. 


™ Video and Animation Resources: These AVI files graphically depict key drafting concepts and let you 
bring multimedia presentations into the classroom. 


™ Exam View Computerized Test Bank: Over 400 questions of varying levels of difficulty are provided in 
true/false, multiple choice, fill-in-the-blank, and short answer formats so you can assess student compre- 
hension. This versatile tool enables the instructor to manipulate the data to create original tests. 


™ Handouts: These handouts can be printed or viewed electronically to describe and graphically represent 
the concepts of first-angle, third-angle, and oblique projection. 


The eighth edition of Blueprint Reading for Welders continues a dedicated tradition of providing the most 
comprehensive treatment of AWS, ISO, and pipe welding and their interpretation. 


INSTRUCTOR'S GUIDE 


An Instructor’ Guide is available for the text. It contains an explanation on how to use the text book and 
answers to end of unit review questions. ISBN: 1-4283-3529-3 


WELD SYMBOLS WHEEL 


Included in this text is a 2-sided plastic Weld Symbols Wheel written in English and Spanish, listing 30 types 
of welds by name and symbol, Type of Test and Symbol, and letters used with contour symbols to indicate 
method of finish. If you would like to purchase the Weld Symbols Wheel separately, the ISBN for ordering is 
1-4354-8325-1. 
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The calculations and ideas of the engineer must 
be transferred to the welder working in the shop or 
on a job site. It is usually impractical for an engi- 
neer to be present while a weldment is being fab- 
ricated. Therefore, the needed information must 
be supplied by some method other than verbal 
communication. The most concise method for 
doing this is through the use of detail drawings. 

When drawings are prepared manually, they 
are usually made directly on tracing paper or 
plastic that is then used for making prints in the 
quantities needed. However, the most current 
method for the production of prints is through 
the use of computers. This latter method is 
called Computer Aided Drafting (or Design) 
and is abbreviated as CAD. Using the informa- 
tion “drawn” with the computer, “hard copies” 
of drawings are printed on paper at very high 
speeds. The proper use of CAD requires a knowl- 
edge of blueprint reading and welding symbols. 
(For more information see Unit 27.) 

There are three basic elements to be found on 
a print: lines, dimensions, and notes (as shown 
in ). Lines show the edges of the object, 
aid in dimensioning the object, and are used in 
the formation of symbols. Dimensions give sizes 


133 


A TYPICAL TWO-VIEW DRAWING 
NOTE: DIMENSIONS ARE IN MILLIMETERS (MM) 


A typical two-view drawing. 


and locations. Notes, giving details of construction not shown by lines, may be in the form of symbols or ab- 
breviations. A note that designates the kind of material, machining process, or standard to be used is often 
referred to as a specification. Notes or specifications are found adjacent to a view or in a ruled space provided 


on the print for this purpose. 


A print consists of one or more views, usually the top, front, and right side views of the object. Other views 
that may be used to describe the object completely are the left side, back, auxiliary, and bottom views. The 
number and type of views to be shown depend on the shape and complexity of the object. A concept of these 


views is presented in the units that follow. 
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Basic Lines 
and Views 


BASIC LINES 


There are several different types of lines used on a print and each has a different meaning. To be able to inter- 
pret a print, the reader should have knowledge of these lines. Table 1.1 can be used as a reference for the 
common line types usually found on a print. Note that the purpose of each line deals with either the shape of 
the object or its dimensioning. 


BASIC VIEWS 


Drawings are made to describe the object in sufficient detail to permit fabrication. Orthographic projection 
is the method employed to do this. By this method the exact form of the object is shown by various views of 
the object arranged in a particular order. The selection and arrangement of these views is shown in Figure 1.2. 


Note the relationship in the placement of the views in the figures. 


Type of Line Description Purpose 
OBJECT THIcK Goldline! To show the visible shape of a 
LINE part (outline of object). 
ee HIDDEN Broken line of medium To show edges and outlines not 
LINE thickness. visible to the eye. 
: Fine, broken line made up of a ue ie ied : ie 
ee series of short and long dashes sc alle aA all 
LINE and to aid in dimensioning 


EXTENSION 
LINE 


EXTENSION 
LINE 


DIMENSION LINE 


NS asenes 


alternately spaced. 


Extension lines are fine lines 
that extend from the object with 
a slight break between. 
Dimension lines are fine lines 
with arrowheads, unbroken 
except where the dimension is 
placed. 


Fine, straight line with an 
arrowhead or round solid dot at 
one end. It is usually drawn at 
an angle. 


TABLE 1.1 = Common types of lines used on a print. (continued) 


these parts. 


Extension lines show 
dimensioning points. Dimension 
lines touch the extension lines 
and show distance given by the 
dimensions. 


Points directly to a surface for 
the purpose of dimensioning or 
adding a note. A dot is used at 
the end of the straight line 
where reference is made to a 
surface area. 


2 = Blueprint Reading for Welders ; 


Type of Line Description Purpose 
To indicate where an imaginary 


PREFERRED The preferred cutting plane line cut is made through the object. 
A , 4 A | isa heavy, broken line made up The arrow points in the direction 
eee ee of a series of one long and two in which the section should be 
ACTEANWATE PLANE LINE short dashes alternately viewed. Letters next to the 
2 B | spaced. Arrowheads are placed arrowheads identify the section 
at right angles to the cutting in cases where more than one 
plane line as shown. Alternate section is shown on the 
C Cc . . ° . . 
cutting plane lines are a solid drawing. These lines are 
, ee re _4 heavy line or a series of long oriented vertically, horizontally, 


dashes. or at the actual angle at which 


the part is drawn. 
Yj iis Yy 
Yj 7 YY 


l+fo Series of fine lines—solid or 


@? 
ai y iy fy erat Oe solid and broken—arranged in 
1/2/27 MALLEABLE IRON, g 4 
ALL MATERIALS shown either straight or curved. 


To indicate the imaginary cut 
surface referred to by the 


7 


od ee 7 When shown straight, they are cutting plane line; to represent 
BRONZE, ee usually drawn at a 45° angle. various kinds of materials. 
AND eee However, this angle will vary 
. COMPOSITIONS (44007 when applied to adjacent parts. 
ZINC, LEAD, MAGNESIUM, 
WHITE METAL, ALUMINUM, 
BABBITT, AND ITS 
AND ALLOYS ALLOYS 
CHAIN LINE ena panne up of Indicates the location and 
g extent of a surface area. 
dashes alternately spaced. 

SHORT Seeieinaaia agaiaan To show a short break (to 
ee pee : d g conserve space on a drawing); 
| eae EINE to show a partial section. 

{ LONG { Ruled, light line with freehand To show a long break (to 
BREAK LINE zigzags. conserve space on a drawing). 
; To show alternate positions of a 

PHANTOM Light, SID HE MER NG part; to show relationship of 

See Sih ne ay eee series of one long and two short Bvicliog Dano ON oar tO 
LINE dashes. gp part, 


show machined surfaces. 


TABLE 1.1 = Common types of lines used on a print. (concluded) 


Figure 1.1(a) shows two types of pictorial drawings of a three-dimensional block and Figure 1.1(b) shows 
three two-dimensional views of the block. By examining each of the three views in Figure 1.1(b), an accurate 
picture of the shape of each face can be formed. In this case, three views are used to describe the object. Note 
that the views have a definite arrangement. The top view is placed directly above and in line with the front 
view; the right side view is placed to the right of and in line with the front view. This arrangement of views is 
in accordance with third angle orthographic projection referred to in Figure 1.1. 

There is no limitation on the number of views that may be used to describe an object. Usually, three prop- 
erly selected views are sufficient. In cases where more views are needed to illustrate the shape clearly and to 
make dimensioning easier, the bottom, left side, or back views can by used. Simple parts can be completely 
described with only one or two views. 
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OBLIQUE ISOMETRIC 


TOP 
, ms N RIGHT 
90° FRONT | a 


FRONT 
RIGHT SIDE | eo \ FRONT RIGHT SIDE 


(a) PICTORIAL (b) ORTHOGRAPHIC PROJECTION (IN THREE VIEWS) 


FIGURE 1.1 m Methods of representing an object. 


TOP 


PICTORIAL 
REPRESENTATION 


LEFT SIDE 


RIGHT SIDE 


BOTTOM 


FIGURE | .2 m Locations and alignment of views that may be selected to describe an object on an orthographic drawing. 


It should be noted that the front view usually gives the best indication of the shape and detail of the 
object. This does not mean that the front view necessarily shows the front of the object. For example, if a 
welding torch is represented on a print, the front of the torch is not shown as the front view since it does 
not show the shape of the torch as well as a side profile of the torch. Therefore, to simplify the reading of 
the print, the profile selected for the front view is generally that which best describes the most detailed 
shape of the object. 

All views have a particular position with respect to each other, and have either a horizontal or vertical align- 
ment. These positions, illustrated in Figure 1.2, should be learned. 
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UNIT 1: REVIEW A 


Refer to the drawing, Jig Support, page 4. 


1. a. Identify the following types of lines. 2. Give the function or functions of the following 
lines. 


® 


eS) 


© 
©) 
YD 


3. Describe the lines shown on the drawing with 
reference to letters ©) through (P) 


®P@QOOOQ®®® 


4. a. Identify the kind of material specified to 
make the part. 


© 
©) 
©) 
©) 
© 
) 
oO 
oO 
«) 
© 
”) 
) 
(©) 
®) 


b. Sketch the section line symbol that would be 
b. What does Q) have reference to? used for this material. 


LEFT SIDE 


0 
] 
co 
iS 
© 
TS 
a 
S 
Le 
ag 
© 
Q 
a 
=| 
© 
o 
=| 
> 
— 
Q. 
® 
Ww 


SURFACE . 


SURFACE SURFACE ) 
V-GROOVE TEST BLOCK 
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UNIT 1: REVIEW EB 


Refer to the drawing, V-Groove Test Block, page 6. 


1. Why are three views used to show the object? 10. Which line in the top view represents surface 
G) in the front view? 


11. I f; h in thet iew? 
2. Name each of the views shown. 2 Un TACe shown in the top view 


12. What does the top view have in common with 
the front view? 
3. In which two views is the length of the object 
the same? 


13. What does the front view have in common with 
the side view? 
4. In which two views is the width of the object 
the same? 
14. What do the top view and right side views have 
in common with respect to the front view in 
terms of alignment? 


5. In which views is the thickness of the object 
the same? 


15. What do lines (L) and () represent? 


6. Which line represents surface (A) in the front 
view? 16. What does the following symbol indicate? 


ON 


7. Which line represents surface (H) in the right 
side view? 


17. Which line represents (N) in the top view? 
8. Which line represents surface ©) in the front 


view? 


18. What surface does represent? 


9. Which line represents surface ©) in the top 
mHeWes 19. What surface does ©) represent? 


Sketching 


PURPOSE OF SKETCHING 


A sketch is a freehand drawing used to describe the shape and size of an object. It is a means of quickly express- 
ing an idea. If necessary, it can later be translated into a finished drawing. 

Sketches are often used in place of finished drawings, particularly when time and circumstances do not 
permit preparation of a finished drawing. In such cases, the sizes of the objects in the sketches are drawn in 
relative proportion to one another. All of the details and data needed to shape or fabricate the part, including 
dimensions and notes, are added to the sketch. 


BASIC SKETCHING TECHNIQUES 
Sketching Lines 


Lines are first lightly sketched with short overlapping strokes using a pencil with a fairly sharp point. The 
lines are then darkened and weighted in accordance with their purpose—in the same manner that lines are 
shown on a finished drawing. Heavy lines are drawn by dulling (rounding) the point of the pencil and apply- 
ing enough pressure to produce the line weight desired. Refer to Unit 1, Table 1.1 for the kinds of lines used 
on a finished drawing. 


Sketching Arcs, Circles, and Ellipses 


One method for sketching an arc is to first construct a right angle (square corner). To assist in sketching 
the arc, guide points (R) are located on the legs of the angle to indicate where the curve is to begin and 
end. The points are then connected with a curved line, Figure 2.1. All unnecessary lines are erased after 
the sketch is completed. 

Another method for sketching an arc also begins with a right angle. The two equidistant points (R) 
are then drawn. These points are connected with a diagonal line so that a triangle is formed. A dot is 
placed in the center of the triangle, and the arc is drawn so that the curved line connects all three points, 
Figure 2.2. 


eR —- > RIGHT ANGLE /+¥——R—_+| 


(SKETCHED WITH 
LIGHTWEIGHT 
LINES WHICH ARE 
ERASED UPON 
COMPLETION 

OF SKETCH) 


GUIDE POINTS 


LOCATED 
EQUIDISTANT DOT LOCATED 
(R) FROM IN APPROXIMATE 
CORNER OF CENTER OF 
RIGHT ANGLE TRIANGLE 
FIGURE 2.1 @ Using a right angle as a guide for FIGURE 2.2 m Using a triangle as a guide 


sketching an arc. for sketching an arc. 


TRIANGLE METHOD 


DOTS LOCATED 
IN CENTER OF CONCAVE 
TRIANGLES ARC 


CONVEX 
ARC 
FIRST STEP — SECOND STEP — 
LAYOUT TRIANGLES SKETCH INTERSECTING ARCS 
AND DOTS BY CONNECTING DOTS 
pA 
R—| 
i™ 
FIRST STEP — SECOND STEP — 
LAYOUT RECTANGLES AND SKETCH INTERSECTING ARCS 
POINTS ON DIAGONAL LINES BY CONNECTING POINTS (DOTS) 


FIGURE 2.3 m Methods for sketching intersecting arcs. 


RIGHT ANGLE 


SERVES ASA DOT IN CENTER 
GUIDE FOR SERVES AS 
SKETCHING GUIDE FOR 
EACH QUARTER SKETCHING 
CIRCLE EACH QUARTER 
CIRCLE 
RIGHT ANGLE METHOD TRIANGLE METHOD 
(4 RIGHT ANGLES) (4 TRIANGLES) 


SQUARE WITH RADIUS 
LAID OUT ON DIAGONAL 
SERVES AS GUIDE FOR 
SKETCHING EACH 
QUARTER CIRCLE 


4 OF DIAGONAL LINE 
FORTHIS QUARTER 


SQUARE METHOD 
(4 SQUARES) 


FIGURE 2.4 m Techniques for sketching a circle. 


TRIANGLE AND 
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To sketch arcs that change direction and meet 
at a common point (intersect), the procedure 
shown in Figure 2.3 is followed. Essentially, it 
is a matter of developing connecting arcs using 
a combination of any one of the techniques pre- 
viously described. Note: The letter R is used to 
indicate a radius. 

To sketch a circle, the same process for 
sketching an arc is repeated for all quarters of 
the circle. Either of the two methods described 
for sketching an arc may be applied to sketching 
a circle, Figure 2.4. 

On some views of an orthographic drawing, 
a circle may appear as an ellipse. An ellipse is 
sketched by laying out a rectangle with sides 
equal to the major and minor axes of the ellipse, 
Figure 2.5. The rectangle is then divided into 
four equal quarters. The dividing lines repre- 
sent the major and minor axes of the ellipse. 
Thereafter, the use of triangles, Figure 2.5(a), 
or rectangles, Figure 2.5(b), as guides permits 
sketching the ellipse in a manner similar to that 
for sketching a circle. 

In addition to orthographic sketches, oblique 
or isometric drawings are often used to present 
an idea or design of a weldment. The latter two 
types of drawings are three-dimensional (picto- 
rial) drawings, which may be shown alone or in 
conjunction with an orthographic drawing. 


POINT LOCATED IN 
CENTER OF TRIANGLE 


EQUAL TO | 
MAJOR AXIS 
(a) 


DOT LOCATED 
FROM CORNER 


= THE LENGTH 
OFTHE DIAGONAL 


FOR EACH OFTHE 
FOUR RECTANGLES 


(b) 


FIGURE 2.5 m Methods for sketching an approximate 


ellipse. 
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Oblique Sketching 


To develop an oblique drawing, an orthographic view of the object is 
first drawn that best describes the shape and shows the most detail of 
the object. For example, the front view of the three-view orthographic 
drawing of the T-support shown in Figure 2.6 is selected since it shows 
the shape of the object best. 

After completing the orthographic view, draw parallel receding lines 
at about 45° angles from the corners of the view (either to the right 
or to the left), as shown in Figure 2.7 and Figure 2.8, to develop the 
three-dimensional effect. Receding lines are drawn to the right for 
developing a right oblique drawing and to the left for developing a left 
oblique drawing. Lines are not usually shown for any part of the object 
that is not visible. The extent of the receding lines is about one-half the 
length that would be shown for an orthographic drawing. This is so 
that the sketch will appear to be true to the original form of the object. 


TOP VIEW 


FRONT VIEW RIGHT SIDE VIEW 


FIGURE 2.6 m@ Three-view orthographic 
drawing of a fabricated 
T-suppott. 


The oblique sketch is completed by repeating the same lines shown on the original orthographic view at the 
terminal points of the receding lines. Note that, on occasion, broken lines may be used to show hidden edges 


in order to better visualize the object. 


Oblique sketches may require the sketching of oblique circles. Variations of oblique circles and how they 
may be constructed are shown in Figure 2.9. The procedure used for sketching the oblique circles shown in 
the oblique cube is the same as that given previously for developing a regular circle. Essentially, the procedure 
followed is to locate points on a rectangle to which a series of arcs is drawn to form the oblique circle. 


DRAWN PARALLELTO EACH OTHER 


OVERALL LENGTH REDUCED 
BY ABOUT ONE-HALF 


RECEDING LINES DRAWN 
PARALLEL TO EACH OTHER 


fend IGE QEG = 
i 7 PAPER-IN- PREPARINC 


“AN O 


FIGURE 2.8 m Left oblique (receding lines drawn to left). 


FIGURE 2.7 m Right oblique (receding lines drawn 
to right). 


APPLICATION OF FOUR 
CORNERS AS GUIDES 
FOR SKETCHING AN 


OBLIQUE OBLIQUE CIRCLE 


CUBE 


APPLICATION OF 
TRIANGLE METHOD 
FOR SKETCHING AN 
OBLIQUE CIRCLE 


APPLICATION OF SQUARE RADIUS 
LOCATED ON DIAGONALS FOR SKETCHING 
AN OBLIQUE CIRCLE 


FIGURE 2.9 m Variations of oblique circles and 
methods used for sketching each. 
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FIGURE 2.10 m Preliminary view for sketching isometric FIGURE 2.11 m Left and right isometric sketches of a 
drawing of a fabricated T-support. fabricated T-support. 


Isometric Sketching 


To develop an isometric sketch, isometric 
graph paper is preferable. An isometric sketch 
has all of its surfaces shown at 30° angles. In 
the initial preparation of the sketch, a view 
of the object that best shows its shape and 
detail is selected and sketched at a 30° angle, 
Figure 2.10. 

After completion of the basic view, Fig- 
ure 2.10, parallel receding lines are sketched 
at 30° angles from each of the corners, 2 3 
Figure 2.11. Only those lines that represent 
the visible part of the object are shown. The 
sketch is completed by drawing the back 
edges at points that approximate the size 
of the object. Receding lines are reduced in 
length (foreshortened) to about two-thirds of ae ia AD DITION 
the orthographic line length. 

In cases where surfaces of the object are 
on different planes, a sequence is followed in 
developing the isometric sketch, starting from fe ea NEXT, ADD ON 
the front face and developing each portion THESE SURFACES 
progressively to the back face, in effect build- FIGURE 2.12 m Method used for developing an isometric sketch 
ing upon the preceding portions, Figure 2.12. having surfaces on different planes. 


FRONT TWO-VIEW ORTHOGRAPHIC RIGHT SIDE 
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For sketching isometric circles, the same basic techniques are applied as for sketching a regular circle. Varia- 
tions of the isometric circle and how they are sketched are illustrated in Figure 2.13. For sketching isometric 
and oblique cyclinders, refer to Figure 2.14. 


ISOMETRIC 
CUBE 


TRIANGLE METHOD 
(DEVELOPING TRIANGLES 
WITH POINTS LOCATED IN 
CENTERS OF EACH) 


RECTANGLE METHOD 
(DIVIDING ISOMETRIC 
RECTANGLE INTO EIGHT 
SECTIONS AND LOCATING 
POINTS ON THE DIAGONALS 
OF THE RECTANGLE) 


ANGLE METHOD 
(DIVIDING AN ISOMETRIC 
RECTANGLE INTO FOUR 
EQUAL PARTS AND USING 
THE FOUR DIVISION LINE 
POINTS FOR DEVELOPING 
THE ELLIPSE WITHIN THE 
ISOMETRIC RECTANGLE) 


FIGURE 2.13 m Variations of isometric circles. 


(a) ISOMETRIC (b) OBLIQUE 
FIGURE 2.14 m Method for developing cylinders. 
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UNIT 2 REVIEW 


Graph paper has been provided at the end of this review for your use. 


1. Identify the types of sketches illustrated below and sketch orthographic views as indicated for each. 


a. SKETCH b. SKETCH C. SKETCH 
RIGHT TOP BACK 
SIDE VIEW VIEW 
VIEW 
d. SKETCH e. SKETCH 1. SKETCH 
LEFT RIGHT 4 TOP 
SIDE SIDE VIEW 
VIEW VIEW | Oo 
IZ 
FRONT RIGHT : Ya 
SIDE 
h. 
g. SKETCH SKETCH TOP VIEW 
LEFT 90° 
SIDE 
VIEW 
i. SKETCH RIGHT SIDE, TOP, AND i SKETCH TOP, FRONT, AND LEFT SIDE 
FRONT VIEWS (IDENTIFY EACH VIEW) VIEWS IDENTIFY EACH VIEW!) 


At RS 
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. a. Prepare oblique sketches for the following 3. Prepare isometric sketches for each of the 
orthographic drawings. following orthographic drawings, right or left 
b. Identify each of the views represented in as specified. 


each orthographic drawing. 


(1) NOTE: SKETCH A a: 

RIGHT OBLIQUE DRAWING 
NOTe: PREPARE 4 
RIGHT ISOMETRIC 
DRAWING 


(2) NOTE: SKETCH A b. 
RIGHT OBLIQUE DRAWING 


NOTE: PREPARE A : : 
RIG! T ISOMETRIC 
DRAWING 

l 


NOTE: SKETCH A RIGHT c. 
OBLIQUE DRAWING 
1! NOTE: 
PREPARE A 
RIGHT 
+ -—— rj ISOMETRIC 
7 DRAWING 
T - 
eae aaa 
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UNIT 


Notes and 
ecifications 


In many cases, it is not possible one lane 
, . (LOCAL NOTE) 

to give all the information needed 

on a print by the combined use of 


lines and dimensions. To provi _.. ITEM NUMBER OR PART NUMBER 
ae C . tL lll se _.. PAGE NUMBER OF DETAIL DRAWING 
additional information, notes and (GENERAL NOTE) 


specifications are used. 

A note is lettered information 
(in capital letters) concerning 
the details of construction. The 
note explains, specifies, or refers 
to the material and/or process 
needed to make the part. To con- 
serve space on the print, and to FIGURE 3.1 m Application of a local note. 
save time in preparing the draw- 
ing, it is often shown as an abbre- 
viation or symbol. 

When a note applies to a particular part on an object, it is called a local note. Such a note is placed near 
one of the views representing the part. A leader indicates the exact point of reference, Figure 3.1. A general 
note applies to the drawing as a whole and is placed in an open space away from the views so that it can be 
seen readily. 

Examples of general notes are: 


1. “Unless otherwise indicated, all fillet welds are %’ size.” 
2. “Unless otherwise indicated, root openings for all groove welds are %0”.” 
3. “Unless otherwise indicated, all welds are to be made in accordance with specification A.” 


alge : : SPECIFICATION A = 
When a note specifies the material required, NO. 20, 1/4" BRONZE ROD 


the welding process to be used, the type and size 


of electrode, and/or the kind and size of welding 
rod, it is called a specification. For example, in BRONZE 
Figure 3.2 the letter A refers to specification A. ROD 

In this case, specification A in the tail of the — ae 
arrow indicates that No. 20, '4” bronze rodistobe a 
used for the weld. 

Specifications are often located near the views 


to which they refer. However, when many specifi- 
cations are required, they are included on a sepa- 
rate sheet and referenced to the drawing. FIGURE 3.2 m@ Application of a specification. 


SYMBOL SIGNIFICANCE 
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When a specification is general and applies to all or several views, it may be placed within a ruled space 
called a title block. It is usually denoted as such by prefacing the information with the word “specification.” 
However, when specifying materials, the word “specification” is not necessarily used, but is implied. Typical 
title blocks are shown in Figure 3.3. The information that may be included in the title block consists of: 


1. Name of part or project 
Quantity required 
Order number 

Material 

Scale size used 
Specification (general) 
Drawn by 

Checked by 


oC ON DU BR WN 


Drawing number 


-e 
- 


Date 


-e 
-e 


. Tolerances 


-e 
I 


Company name 


-e 
rad 


Revision record 
The standard sizes of commercial mechanical drawing sheets are identified by the letters A through E. 
A= 84x 11” 
Beil’ x17 
C= 1” x 22° 
D=22" x 34" 
E = 34” X 44” 


These letters may or may not be included as part of the drawing identification number. 
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RULED SPECIFICATION AREA COMMONLY FOUND ON 
COMMERCIALLY AVAILABLE DRAWING ANDTRACING PAPER. 


NAME OF PART 


TOLERANCES 

Pees aiie AUTOMATED DYNAMICS CORP. 
et DRAWN BY Cdk SIY 
ste APPROVED *'R PAYACK 
FRACTIONAL TITLE 


- ROTARY UNION RETAINING NUT 


DATE DRAWING NUMBER 
89 919 


cere’ AUTOMATED DYNAMICS CORP. 
DECIMAL 
XX +.01 


q BAR, STOP 


SPACTIONAL 

DRAWN BY SCALE I:| MATERIAL 
DG ALUMINUM 
ANGULAR 
acs ee nnacltwancnheremeeens 
Ay 


FIGURE 3.3 m Typical drawing master showing ruled title blocks. 
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NOTE: 
BREAK ALL 
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® .250 DRILL THRU 


NOTE: ¢IS USEDTO DENOTE DIAMETER FRACTIONAL + 1/64 
DECIMAL + 003 


COMPANY NAME 
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UNIT 3 REVIEW 


Refer to the drawing, Corner Bracket, page 20. 


1. What is the name of the part? 10. What three types of lines are used to aid in 
dimensioning? 


2. How many are required? 


3. What is the order number? 
11. What item can be called a general note 
specification? 


4. What type of material is used? 


12. What item would be identified as a local note? 


5. How many views are shown? 


13. How many holes are to be drilled? 


6. Name each of the views shown. 


14. How deep is each hole to be drilled? 


15. What is the diameter of the holes? 


7. Which view shows the shape of the object best? 16. How many pieces are required to fabricate the 


part? 


8. In which views are leaders used? 


17. What do the hidden lines in each of the views 
represent? 
9. Name each type of line used in the drawing. 


18. What is the significance of the note, “Break All 
Sharp Edges”? 


19. Identify an item within the title block that 
would be described as a specification. 


UNIT 


Dimensions 


Dimensions serve two important purposes: 


1. They give the sizes needed to fabricate the part. 


2. They indicate the locations where components of the part should be placed, assembled, machined, or welded. 


Figure 4.1 illustrates the meaning of size and location dimensions. Note that linear dimensions used on a 
print may be shown in U.S. Customary and/or metric units. Information on metric dimensioning is included 
in Unit 23. Note that both units of measurement are used on dual-dimensioned drawings. 


LINEAR AND ANGULAR DIMENSIONS 


U.S. Customary linear dimensions may be given as whole numbers, fractions, and decimals. Preferred practice is 
to show dimensions in decimals, Figure 4.3. However, dimensions on drawings for weld fabrication operations 
are generally shown as fractional dimensions, while drawings for machining operations use decimal fractions. 
Drawings for both (weld) fabrication and machining use decimals or a mixture of both fractional and decimal 
dimensions for the appropriate type of operation. Also, current practice is to use a unidirectional dimensioning 
system, Figure 4.2, rather than the former practice of bidirectional or aligned dimensions, Figure 4.3. 

The term common fraction refers to dimensions such as %s, ‘42, ‘ho, ', ‘4, and 4 inch, Figure 4.2. 


KEY 
L = LOCATION 
S = SIZE 
oo 
S 
FIGURE 4.1 m Size and location dimensions. 
@ .500 DRILL 

5" NOTE: THE 

5 | , SYMBOL ¢ 

8 625" ss SIGNIFIES 


_t ft DIAMETER. 


— ¢_—_4 ee a 


(Preferred Method) (Nonpreferred Method) 
FIGURE 4.2 m Fractional dimensions. Unidirectional FIGURE 4.3 m Decimal dimensions. Bidirectional or 
dimensions are read from the bottom aligned dimensions are read from the 


of the drawing. bottom and right side of the drawing. 
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Decimal fraction dimensions are used par- eee 

ticularly when precision sizes are required. For ancie ~~ | a ya elect = 
example, when a drilled hole is dimensioned, a [VT] 
decimal dimension is used, Figure 4.3. The word 

pes ANGULAR LINE TO ANGULAR LINE TO 

drill” may or may not follow the dimension. In A VERTICAL LINE A HORIZONTAL LINE 
cases where the hole is to be reamed, the word 60°30’ 

‘ ‘ é INCLUDED 60.5° 

ream” may be applied following the dimen- = angie a 7 ad Pg 
sions. If the hole is to be flame cut, the words 

“flame cut” may follow the dimension. The pro- 

_ ; ae: ANGULAR LINE TO ANOTHER ANGULAR DIMENSION 

cess specified for cutting the hole generally indi- ANGULAR LINE SHOWN IN SHOWN WITH A DECIMAL 
cates the accuracy required. In instances where DEGREES AND IN MINUTES FRACTION (EQUAL TO 60°30’) 


a process is not specified, the choice of method = FiGiypr 4 4 = Dincnsionmecnsles 
is made by the welder. However, consideration 
must be given to the accuracy required. 
Angular dimensions are given when a line is 
at an angle to a horizontal, vertical, or another 
angular line. Examples of each are shown in 


Figure 4.4. The angle in each case is called the 45° BEVEL on 
included angle and is shown in degrees, or in 
degrees and decimal parts of a degree. Although IF 
angular dimensions are sometimes shown in : 
degrees and minutes (60°30’), the decimal frac- | | anne 
tion (60.5°) for minutes is preferred. Refer to ag OPENING 
Table 4.1. 

Parts with bevels are commonly found on FIGURE 4.5 m Bevel dimension—full length. 
prints for welders. For joints to be welded, a bevel 
is a sloping edge that extends the full or partial 
length of the edge, Figure 4.5 and Figure 4.6. The 
sharp edge formed is commonly called a feather 
edge. The root face area along the edge is often oes ; 
called a land. Note that for welding purposes a en ae —| 


chamfer is often identified and treated as a bevel. 

There are several ways to dimension these fea- 
tures. One common method is by the use of a note 
with a leader. The amount of the bevel is given as 
a linear and a degree dimension, Figure 4.5 and 
Figure 4.6. FIGURE 4.6 m@ Bevel dimension—partial length. 


45° 


SIGNIFICANCE 
LAND OF (a) 


Min. Deg. Min. Deg. Min. Deg. Min. Deg. Min. Deg. Min. _ Deg. 


1 | for] | it | [tesa] | 2 | [3500] | at | | ste] | a1 | | 6003] | 51 | | 8500 | 
2 | [083] | 12 | | 2000] | 22 | | 3666] | 32 | | 5033] | 42 | | roo] | s2 | | 8666 | 
3 | {oso | | 13 | [266] | 23 | | sea) | 33 | | S500] | 43 | | ries] | 53 | | 8833 
| 4 | [oss] | | [2sa3[ | 24 | | 4000] | 34 | | S066) | a | [7593] | 54 | | 9000 | 
| [oss] | is | | 2600] | 25 | | aes} | 35 | | 503) | 45 | | 7500| | 85 | | 9166 
6 | fro} | ie [ | 2666] | 26 | | 4933] | 36 | | 6000] | a6 | | ros] | 56 | | 9905 
7 | [ates] [iz | [2es3] | 27 | | aso0] | a7 | | ores] | 47 | | 7653] | 57 | | 9500 | 
8 | [ssf | te | [3000] | 26 | | 4666 | | 98 | | 6333] | 48 | | 2000] | 58 | | 9666 | 
9 | [asool | to | [sis] | 20 | | 4393] | 39 | | 500] | 49 | | o166| | 50 | | 9833 | 
Bee BeBe erg: Bees eg: Bess: 


TABLE 4.1 m Minutes converted to decimals of a degree. 
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IDENTIFIED ASA 
— CHAMFER WHEN NOT 

A PART OF A WELDED 
(a) JOINT 


BEVEL 12 nae BEVEL — = 12 


30° 


ee 1.25 90° 


= poy 


(b) 


FIGURE 4.7 m Methods of dimensioning bevels. 


Another method for dimensioning bevels is through the use of extension and dimension lines. The sizes 
may be given as two linear dimensions or as one linear and one angular dimension, Figure 4.7(a). When only 
a portion of the total edge is cut away at an angle for purposes other than welding, the edge is identified as a 
chamfer. Examples of bevels are shown in Figure 4.7(a) and Figure 4.7(b). Note that the symbol “X” included 
with the dimensions signifies places, times, or by. For example, 4X (times or places), and 4” X 4” (by). 


When the ends or corners of an object are to be rounded, a radius, arc, or curve is shown and is dimensioned 
by one of several methods, as shown in Figure 4.8. The methods of dimensioning include the use of an angu- 
lar dimension and its radius (Figure 4.8a); two linear dimensions that indicate where the arc terminates, and 
its radius (Figure 4.8b); and a radius and centerlines that indicate the scope of the arc by inspection (Figure 
4.8b). In the case of an arc with multiple radii, the dimensions shown are the location dimensions for the radii 
and the size of the radii, Figure 4.8(c). Note that the letter “R” is used to signify radius and is located preced- 
ing the dimension. In cases where a diameter dimension is applied, the symbol @ is used and precedes the 
dimension. 

For dimensioning rounds, fillets, and roundouts the radius of the arc with a leader is usually sufficient, 
Figure 4.9(b). 

Other variations in dimensioning radii and arcs are illustrated in Figure 4.9. 


(a) 


FIGURE 4.8 m Dimensioning arcs and radii. 
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3" 


Re -— 2 PLACES 
SYMBOL FOR ARC, SIGNIFYING THE 
LINEAR DIMENSION APPLIES TO THE { 
LENGTH OF THE ARC AND NOT + 
8.0" TO ITS CHORDAL SIZE 3 15" 
4 pats 


Sy 4 


6 
CHORDAL | 


DIMENSION 


(a) APPLYING A LINEAR Ee | 
DIMENSION TO AN ARC ) DIMENSIONING A SLOT 
SR .750 
(SR SIGNIFIES 
SPHERICAL 
RADIUS) 


R +" (ROUNDOUT) 


1.250 


R +" (ROUND) | 


R i" 
(FILLET) 


SR .750 


| 
(b) DIMENSIONING A 2 PLACES 
ROUND, FILLET, AND ROUNDOUT (d) DIMENSIONING A SPHERICAL RADIUS 


FIGURE 4.9 m Variations in dimensioning arcs and radii. 


DRILLED HOLE DIMENSIONS 


Drilled hole dimensions are shown by the use of a leader and a note. These are usually applied to the view 
that shows the shape of the hole. The note gives the size of the drill, the number of holes to be drilled, 
and may also give the depth to which the holes are to be drilled. Holes with no depth dimension are to be 
drilled all the way through. However, this may also be indicated by adding the word “thru” to the drill size 
dimension. 

Note that the hole depth may be indicated by the abbreviation DP for “deep” or the depth symbol y. A 
drill size can be given as a letter size, a number (wire gage) size, a fractional size, or a metric size. Figure 4.10 
illustrates the various methods for dimensioning drilled holes. 


@ F (.257) DRILL 5" @No. 4(. 209) DRILL 
a 


@ .209 2 HOLES 


.312 DP (OR ¥.312) 


PREFERRED 
METHOD 


FIGURE 4.10 m Methods for dimensioning drilled holes. 
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COUNTERSUNK AND COUNTERBORED 
HOLES AND SPOTFACE DIMENSIONS 


Several other types of round holes found on weldment fabrication drawings are counterbored, countersunk, 
spottaced, and counterdrilled holes. The methods, abbreviations, and symbols used for dimensioning these holes 
are shown in Figure 4.11, Figure 4.12, Figure 4.13, Figure 4.14, and Figure 4.15. 


Note that the abbreviation DP or the symbol 7 for depth is applied to the dimensioning for a counterbored 
hole. The depth of a spotfaced hole is not given since the primary purpose of the hole is to provide a smooth 


seating surface. The depth of a countersunk hole is also not given. The major diameter of the countersink 
is provided. 


FIGURE 4.11 @ Representing counterbored, countersunk, 
spotfaced, and counterdrilled holes. 


COUNTERBORED HOLE COUNTERSUNK HOLE 

SYMBOL:LI SYMBOL: 4 

ABBREVIATION: CBORE ABBREVIATION: CSK 
SPOTFACED HOLE COUNTERDRILLED HOLE 
SYMBOL: LI ABBREVIATION: CDRILL 


(SAME AS FORA 
COUNTERBORED HOLE) 
ABBREVIATION: SF 


FIGURE 4.12 m Methods for dimensioning a (CURRENT METHOD) 


acca ial @ .500 
counterbored hole. @ .750 C'BORE X .375 DP 2 HOLES 


(PREVIOUS 


METHOD) 
1" (.500) 

2 DRILL 

3" ; 

= C'BORE 
a 

= DEEP 


2 HOLES 


@ .500 


(ANOTHER Lug .750 
CURRENT Y 375-2 HOLES 
METHOD) (OR 2 PLACES) 


FIGURE 4.13 m Methods for dimensioning (CURRENT METHOD) 


@ .500 
a countersunk hole. @ .500 X 60° CSK 


2 HOLES 


(PREVIOUS 
METHOD) 


1" (.500) 

2 DRILL 

82° CSK 
a 

TO = DIA 


2 HOLES 


@ .500 THRU 
VY @ .75 X 90° 
(ANOTHER CURRENT METHOD) 


@ .500 THRU (CURRENT 
ol 
2 HOLES 


1° 


BION 


2 HOLES 


(ANOTHER 
CURRENT 
METHOD) 


: 7 
KS ~|-—1j 9.500 THRU 
LIg.750 


NOTE: SINCE NO DEPTH IS 
INDICATED, THE SYMBOL 
IMPLIES A SPOTFACED HOLE 


FIGURE 4.14 m Methods for dimensioning a spotfaced hole. 


(PREVIOUS METHOD) 


; (.250) DRILL 


. (500) C DRILL 


DEEP 


(CURRENT METHOD 
g .250 THRU 

g 500 CDRILL 

.375 DP (OR ¥.375) 


FIGURE 4.15 m Methods for dimensioning a counter 
drilled hole. 


(.500) DRILLTHRU 


DIA SPOTFACE 
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| 25" FLAME CUT OR g 24" FC 
(a) 


O25 FLAME CUT OR 2src 


(b) 


FIGURE 4.16 m Methods for dimensioning flame cut 
holes. 


Another hole designation found on a weldment drawing is flame cut. When the hole is to be cut as a round 
shape, it is dimensioned like a drilled hole, except that the dimension is followed by the words “flame cut” or 
the abbreviation “FC,” Figure 4.16(a). Note that a flame cut hole is usually a large size (1 inch or larger) and 
is not as precise as a drilled hole. Therefore, its size is usually dimensioned using common fractions rather 
than decimals. Flame cutting of square holes may also be specified on a print. In such cases, the symbol for 
square [ ] may be used, Figure 4.16(b). Note that flame cut sizes are nominal (approximate). 


TOLERANCE DIMENSIONS 


Tolerance is another important element of dimensioning. It is a figure (or figures) given as a plus (++) or minus 
(—) quantity that allows for a variation in the dimension to which it is applied. It specifies the amount of error 
allowed when making a part. Any or all of the fractional, decimal, or angular dimensions found on a print can 
be given tolerances. When a tolerance is given, it follows the dimension to which it refers, or it is given as a 


note or specification. For example: 


FOLLOWING DIMENSION: 


12 Se 12.740” = .005” 60° + 2° 


NOTE: UNLESS OTHERWISE SPECIFIED TOLERANCES ARE AS FOLLOWS: 


FRACTIONAL DIMENSIONS 


DECIMAL DIMENSIONS 
ANGULAR DIMENSIONS 


te ve 
+ .005” 
= 2° 
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Tolerances are used to ensure the accuracy and proper fit of parts. This allows assembly and construction 
with a minimum of rework or adjustment. For example, it is almost impossible to cut a bar of material to an 
exact length with a manually operated torch. Therefore, a plus and minus tolerance is allowed. If a bar is to be 
cut 12” long with a +% tolerance, the largest allowable size is 12%” and the smallest is 11%”. 

For many parts, the tolerances are standardized and are found in prepared tolerance tables. If no tolerance 
is given on a print, it can be assumed that extremely accurate sizes are not required. If such is the case, it is 
standard practice to use a + tolerance of %s for common fraction dimensions, a + .010” tolerance for decimal 
fraction dimensions shown to two decimal places (.75”, 1.25”), and a + .005” tolerance for decimal fraction 
dimensions shown to three decimal places (.750”, 1.375”). 

Tolerances may also be expressed or implied by other than + or — values. For example, limit dimensions 
may be used to specify allowable sizes as follows: 


R.362 MIN. — Signifies the minimum radius (R) should not be less than .362 
R.375 MAX. — Signifies the maximum radius (R) should not exceed .375, may 
be expressed as .362 — .375 
02 — Signifies the range in size that must be within .362 and .375, 
15 or a tolerance range of .013 


(375 — .362 = .013) 


SCALE SIZES 


Dimensions placed on a print my be full, enlarged, or on a reduced scale. A reduced scale size is more com- 
monly used on prints and may be one of the following. The scale size that is used is noted on the print. 


34” — (ks ie _ i Whig —_— is Vy" — 1” 


However, an enlarged scale size is often used for detail drawings describing small components, for example, 
hb =k. 

The scale size of a drawing is always in direct proportion to the actual size of the object. The scale is always 
listed in the form of an equation, although it is actually a ratio. The figure on the left side of the equal sign 
represents the quantity of measure for the drawing. The figure on the right represents the corresponding 
quantity of measure for the object being illustrated. For example, assume that a scale of '4” = 1” is used 
and the dimension of the object is 6” long. The linear distance on the print, therefore, is half of the object 
distance, or 3”. 


THREAD DIMENSIONS 


Weldments very often include threaded parts. Standard thread symbols are used on prints to represent 
threaded parts. Figure 4.17 shows how external threads are represented. Internal threads (tapped holes) are 
represented by the symbols shown in Figure 4.18. 


a -<- 


CONVENTIONAL CONVENTIONAL 
GS 
| Eto 
SIMPLIFIED SIMPLIFIED 


FIGURE 4.17 m External thread symbols. FIGURE 4.18 m Internal thread symbols. 
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An internal thread can be shown in a section ESLEBS SS MAD 
view (cutaway view) by either of the symbols 
given in Figure 4.19. 

Both internal and external threads are dimen- 
sioned using a leader followed by the thread speci- 
fication, Figure 4.20. Note that the elements of the FIGURE 4.19 m Internal thread symbols for sections. 
thread specification are also defined in the figure. 
When the thread is a left-handed thread, LH is 
added following the class of fit specification. In all 
other cases, the thread is considered to be a right- es oe 
handed thread. Formerly, the common V-thread 
forms were identified as National Coarse (NC) or 
National Fine (NF). With the inclusion of these 
thread forms in the metric system, they are more 
often identified as Unified National Coarse (UNC) 
and Unified National Fine (UNF). 

When a thread class of fit is specified, it is shown : = DIAMETER OF THETHREAD 
in a sequence as illustrated in Figure 4.20. There 
are three classes of fit that are commonly used. ee i Ae eee 
Class I for a loose fit, Class I for a standard fit (as gine ee ie 2 ee 
is used for commercially available bolts and nuts), NATIONAL FINE) 
and Class II for a more precise and tighter fit. 


CONVENTIONAL SIMPLIFIED 


3 


10 = NUMBER OFTHREADS PER INCH 


3 = CLASS OF FIT 
LH = DIRECTION OF THREAD (LEFT HAND) 


DIMENSIONING 
METHODS 


There are two basic methods for dimensioning a part: conventional dimensioning and baseline dimensioning. 

The conventional method of dimensioning is illustrated by Figure 4.21. In this method, the overall dimen- 
sions of length, width, and height are given. Dimensions A and B are not given because they are easily found 
by adding the given dimensions. If dimensions A and/or B were given, they would be identified as reference 
dimensions. A reference dimension is obtained by adding and/or subtracting other dimensions found on the 
drawing. A reference dimension is used to expedite reading the drawing; however, it is not a necessary dimen- 
sion. If a part is dimensioned so that the overall sizes are not given, those dimensions that make up the total 
must be added to find the overall sizes. Fractional or decimal dimensions may be used, but decimal dimension- 
ing is preferred. 

Baseline dimensioning, Figure 4.22, 
differs from conventional dimension- 
ing in that all dimensions originate 
from baselines. When baseline dimen- 


FIGURE 4.20 m Elements of a thread specification. 


NOTE: DIMENSION 


sioning is used, the dimensions nor- eee 

mally are expressed as three-place SIGNIFIES IT 1S A 
REFERENCE 

decimals. DIMENSION 


Baselines are object lines that usu- 
ally represent machined surfaces, as 
indicated by the symbol \ . Baselines 
may also originate from centerlines. 

The advantage of baseline dimension- 
ing is that calculations are not required 1" 
to find a dimension. It is a method com- 2 
monly used to dimension precision | | _ | 

. er a 15 
parts. This method does not give rise . 


to the cumulative error that occurs with = FIGURE 4.21 m Conventional dimensioning (A, B are possible reference 
conventional dimensioning. dimensions). 
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a .50 = 


2.375" 1.500 
BASELINE BASELINE 
1.000" (HORIZONTAL | (VERTICAL 
7 DIMENSIONS)| DIMENSIONS) 
1.500' 
.50 
es are 125" 
SIGNIFIES 
A FINISHED 2.00 + .06 
SURFACE 
FIGURE 4.22 m Baseline dimensioning. FIGURE 4.23 m Reference to a basic size dimension. 


OTHER TERMS COMMONLY USED 
IN DIMENSIONING 


Basic size refers to the base size of a part to which a tolerance value is applied. For example, in Figure 4.23, 
the basic size dimension is 2.00 with a tolerance of + .06. 

Actual size refers to the size of the part when measured. 

Nominal size refers to a dimension that represents an approximate size. It is used for general identification 
of a size, such as for identifying pipe, pipe fittings, and lumber. Limits of size refers to dimensions that indicate 
the upper (maximum) limit and the lower (minimum) limit to which the size of a part can be made. Limits 
may be shown in several ways. Examples follow: 


2.50 upper limit 
231 lower limit 


(lower limit) 2.37 — 2.50 (upper limit) 


® Call out refers to identification of each of the parts on an assembly drawing by means of numbers assigned 
to the parts. 


™ The numbers are referenced to a bill of materials to obtain the information needed to produce each part. 


DUAL DIMENSIONING 


Dual dimensioning refers to the application of both U.S. Customary and metric units (usually in millimeters) 
of measurement on a drawing, Figure 4.24. It is used on drawings to permit the manufacture of parts in either 
unit of measurement, depending upon their application and/or where they will be marketed. 


US DECIMAL 


US DECIMAL 
FRACTION FRACTION 
1.500 
1.500 [38.70] 

[38.70] 

MILLIMETER (mm) 

DIMENSION 

BRACKET MILLIMETER (mm) 


DIMENSION 
FIGURE 4.24 m Examples of dual dimensioning using the bracket method. 
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UNIT 4: REVIEW A 


Graph paper has been provided at the end of this review for your use. 


1. Give two functions of dimensions. 


2. List two ways a dimension can be expressed in 
U.S. Customary units. 


3. How is a precision dimension usually expressed? 


4. a. Show by a simple sketch the difference 
between a bevel and a chamfer. 


b. For welding purposes, is a distinction made 
between a chamfer and a bevel? 


c. Which term is commonly used for both? 


5. Show two ways in which the given illustrations 
might be dimensioned. Apply the dimensions 
to the illustrations. 


| oo. |_SN 


. Indicate three items of information that might 
be found in the dimensioning of a drilled hole 
using a leader. 


7. Identify the type of hole represented by each 
sketch. Add the dimensions that must be 
applied to each. 


Ot} Of) © 
ef el 


8. What is the meaning of tolerance as applied to 
dimensions? 


9. Sketch three methods of dimensioning a radius 
or arc on a print. 


10. What are the maximum and minimum sizes for 
the dimensions shown in the table? 


a Maximum | Minimum 


11. What is the linear length shown on a print for 


the dimensions given, when drawn to the scale 
size specified? 


|| Dimension | Scale | Size | 
al ep wer 


a ae 
a 
a 
or 
2 
a 
a a 


bo] ise | era | 


fap 2K 


12. Which of the thread symbols below represent 
internal threads and which represent external 
threads? 


aaa 
“a 


a _— i Nea 
3” _— i la 


i 
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13. List the information that is signified by the 
following thread specification: 


%—10 UNC—LH 


14. Explain the difference between the conventional 
method of dimensioning and the baseline method 
of dimensioning. 


18. 


15. What kind of dimensioning is illustrated in the 
sketch below? 


. Apply appropriate dimensions to the 
different types of holes shown in the part 
below. Assume any necessary sizes. 

b. Apply the dimension lines required for 

locating the holes. 

c. Identify the types of holes found in the part. 

d. Explain the significance of the \/ symbol 

shown on the front view. 


20. 


241. 


Zed, 


17. Apply the preferred practice of dimensioning to 


the leaders shown on the right. 


6" DIA 


.625 SR 


Explain what is meant by the term “call out.” 


. Refer to the “Roller Support” drawing on page 


34 and call out the appropriate items shown on 
the drawing. 


Explain the difference between the terms 
“actual size” and “nominal size.” 


Explain the significance of the following 
dimensions: 


a. <1, b. —8.37-—8.505 
1.65 
a. 


by; oo 


With reference to dimensioning, explain the 
difference between the terms “clearance” and 
“allowance.” 
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UNIT 4: REVIEW B 


Refer to the drawing, Roller Support, page 34. 


. What is the name of the object? 

. How many are required? 

. What type of material is used? 

. What is the overall length of the object? 


. Name the views shown. 


. In which view is the width dimensioned? 
. In which view is an angular dimension used? 
. How many hidden lines are shown? 


. What is the size of distance (A)? 


What is the size of distance (8)? 
What is the size of distance ©)? 


How many holes are there in the completed 
order? 


How are the holes to be made? 
How is the largest hole made? 


Where is a decimal fraction dimension found 
on the drawing? 


16. 


17. 


18. 


19. 


2\), 


ZA: 


22; 


2D, 


24: 


be 4 


26. 


ZT. 


Which line represents surface © in the front 
view? 


Which line represents line oe) in the top view? 
How thick is the upright plate? 


Which line represents surface (D) in the top 
view? 


Which line represents corner (N) in the top 
view? 


a. Identify the surface or surfaces to be finished. 


b. Sketch the symbol used. 


Which dimension would be identified as a 
reference dimension? 


Give the location dimensions for the large hole. 


What is the specified tolerance for the angular 
dimension? 


Identify the hole that can be a nominal size. 


What is the common fractional size of the hole 
to be drilled? 


List the location demensions for: 
a. Drilled hole 
b. Punched hole 


CORNER 
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SUMMARY REVIEW NO. 


10. 


Graph paper is provided at the end of this review for your use. 


Refer to the drawing, Bearing Support Bracket, page 36. 


. What scale size is used? 


. With reference to the above scale, what 


linear length on the drawing represents a 
dimension of 8”? 


. List any notes found on the print. 


. List an item classified as a specification. 


. What are the location dimensions for the 


drilled holes? 


. List the location dimensions for the square holes. 


. a. What are the dimensions for the following 


distances? 


® ——__ © _______ 
eo —___. 
© —____ © —____ 
© —__ @ —_____ 
b. If dimension (A) had been included on the 


drawing, identify the kind of dimension it 
would be classified as. 


. What line in the top view is represented by 


surface ? 


. What corner(s) in the front view are 


represented by line J)? 


What method of dimensioning is shown to the 
right of the top view? 


LI. 


2, 


LS. 


4. 


List the types of lines found on the print. 


Convert the common fraction dimensions to 
decimal fraction dimensions and apply them to the 
drawing next to the common fraction dimensions. 


Prepare a sketch that illustrates two intersecting 
arcs with equal radii. Use one of the techniques 
previously described in the text. Show all guide- 
lines and points for developing each arc. 


ON THIS SIDE LOCATE A POINT AT WHICH THE 

OF THE POINT / ARCS ARE TO INTERSECT 

SHOW THE ARC, 

AS CONCAVE id 

ae ON THIS SIDE 

OF THE POINT 
SHOW THE ARC 
AS CONVEX 
‘é LN 

a. Prepare a right oblique sketch of the following 


three-view orthographic drawings. 


b. Which of the orthographic views is 
incomplete? 


. Correct the view that is incomplete. 


= 
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15. a. Prepare a right isometric sketch of the e. Complete the leader on the drawing to show 
following three-view orthographic drawing. how the radius of the largest circumference 
would be dimensioned. Use a 3” radius 


b. Identify the orthographic views represented. a mencici. 


f. On the drawing, add the dimension for the 
bored hole (14” dimension). 


g. Add the basic size that could be applied to 
each of the views. Use approximate sizes. 


16. What is dimension ©)? 


(BORED HOLE) 


17. What fractional size is the drilled hole? 


DRILLED 
THRU 
2 HOLES 


18. List the location dimensions for: 


a. Drilled holes 


b. [ ] holes 


c. Show the location and size dimensions that 
would be applied to the drilled holes. Use 
hypothetical dimensions for this purpose and 
apply them to the appropriate orthographic 
view. 


d. How many separate pieces are required to 
fabricate the unit as shown? 
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Bill of Materials 


PREPARATION OF A BILL OF MATERIALS 


The designer/drafter is usually required to prepare a list or bill of materials along with weldment drawings. 
This list enables some other person, such as a stockroom attendant, a welder’s helper, or the operator of flame- 
cutting equipment, to cut or otherwise prepare the various stock pieces needed to fabricate the object. 

In many cases, the bill of materials is simply a list of dimensions and the number of pieces required. For 
complex or irregularly shaped objects, sketches may be added to fully describe certain parts. 

To prepare the bill of materials, each part must be considered individually. All pertinent information, such 
as part name or number, number of pieces required, thickness, width, length, and kind of material, should be 
listed for each part. 

A bill of materials is shown directly on detail and subassembly drawings within a ruled block, or on a 
separate sheet attached to the drawing. Figure 5.1 illustrates two examples of ruled blocks found on drawings 
for inclusion of bill of materials information. 
Note that a ruled block for this purpose is in 
addition to the title block, which provides 
other kinds of information. 

The sizes of a part for a bill of materials 
are expressed in a particular order as illus- 
trated by the following example. Assume 
that a T-joint is to be fabricated from two 
plates. Consider one plate at a time and 
list the number required and the thickness, 
width, and length of each. Figure 5.2 shows 
that 10 pieces are required. The bottom part 

is 4” thick, 3” wide, and 8” long. This 
information is written as: 


Bill of Materials 


10 = V4" X at X 8" 
L LENGTH 
ITEM | PART NO. QTY. DESCRIPTION | 
mem | PART NO. | ary. | 0 WiOTH 
FIGURE 5.1 m Examples of ruled blocks for bill of materials. THICKNESS 


NUMBER REQUIRED 


Ten pieces of the upright part (5) are also required. 
This part is 4” thick, 244” wide, and 8” long and is 
specified as: 


10 — '/o" x 2"/4" x 8" 


| L LENGTH 
WIDTH 


THICKNESS 
NUMBER REQUIRED 


The basic bill of materials for the T-joint is: 


PART(A) 10 — 1/4" 3"x 8" 


PART(B)) 10 — "fo" x 24/4" x 8" 


Additional information can be included in the 
bill of materials to reduce the likelihood of any mis- 
understanding. For example, the list of materials 
for Figure 5.2 gives no indication as to whether the 
parts are to be cut from sheet, plate, or flat bar. Sheet 
metal is defined as metal %” or less in thickness and 
more than 6” in width. Metal plate is greater than 
vo’ in thickness, and also is more than 6” in width. 
Both plate and sheet are available in widths up to 
200 inches and lengths of up to 100 feet. Flat bar 
stock differs from plate and sheet in that the width 
of the bar does not exceed 6”. Many thicknesses are 
available, and the length may vary from 18 to 22 feet. 
Note that the kind of material to be used (i.e., SAE 
1020 steel, aluminum, copper, etc.) will also need to 
be specified when of a special nature. 

Since Figure 5.2 does not indicate the stock to be 
used, it can be assumed that it makes little differ- 
ence from which stock form the parts are cut. How- 
ever, if the parts required are to be cut from plate, 
Figure 5.3, the bill of materials is written as: 


10 — "/4" PLATE 3" x 8" 

10 — "/o" PLATE 21/4" x 8" 
OR 

10 — 1/4" Py 3"x 8" 

10 —"/o" Py 21/4" x 8" 
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paRT (A) 


PART 


ORDER NO. 


NAME OF PART 
NO. REQUIRED 


FIGURE 5.2 m@ T-joint. 


LINE OF CUT 


8’ OR LARGER 


a OR LARGER 


FIGURE 5.3 m Cutting material from plate. 


If the parts required are to be cut from flat bar, 
Figure 5.4, the material requirement is written as: 


10 — '/2" x 2'/4" x 8" LONG 


10 -'/s"x 3"x 8" LONG 
LL LENGTH 


| L LENGTH | 
WIDTH WIDTH 


THICKNESS THICKNESS 
NUMBER REQUIRED NUMBER REQUIRED 


44 u Blueprint Reading for Welders 


LINE OF CUT 


FIGURE 5.4 m Cutting material from flat bar stock. 


Note that the word long is used and the X sign 
between the width and length dimensions is not 
used. 

In some cases the word flat is used following 
the width dimension to reduce any possibility of a 
misunderstanding: 


10 — 4" X 3” FLAT 8” LONG 
10 — 4" X 2A" FLAT 8” LONG 


If the flat stock is of the required width and thick- 
ness, then parts need only be cut to the required 
length. 

Figure 5.5 illustrates a typical detail assembly 
drawing from which a bill of materials can be pre- 
pared. Sufficient information in terms of sizes and 
kinds of material is shown on the drawing. 


The examples cited thus far are representative of bills of materials for simple objects. Other objects may 
be more complex and may involve circumference calculations, or may be concerned with diameter or radius 
dimensions rather than lengths or widths. Examples of calculations that may be required in the preparation 


of a bill of materials are illustrated in Figure 5.6. 


ORDER NO creer 
| | 
NUMBER REQUIRED 


* 10° 
32 


1S i DETAIL “B” 
= ‘ia 


_—_—4§_—_—_—_-1 


1" SEE 
> DETAIL 
1" STO BI PIPE oo? 


<a 1” 16 GA SHEET 
4 ANGLE IRON 


FIGURE 5.5 = Complete listing of materials shown on a drawing. 


As the outside diameter 
(OD) is given and centerlines 1” 
are shown, it is clearly indi- R12; R12” 
cated that this is a circular 
plate and, since the inside 
diameter (ID) is given, it is 
obvious that there is a hole in 
the circular plate (Part A). 


eS ee 
mw ow au BUTT JOINT 
1—3/4 P, 30 OD 24” ID PARTE 
(PART A) 


1-1/2" Pr 42 1/4" x 77" 


—_ 


(PART wa 


This dimension is calcu- 
lated using the mean diameter 
between the ID and the OD. 
In this case, the mean diam- 
eter is 24 1/2” (25+ 24+ 2). 
The formula used is 24 1/2” x 


a ORDER NO. 
22/7 = 77". NAME OF PART 
NUMBER REQUIRED 


Note: Use 3.14 for decimal 
dimensions. 


FIGURE 5.6 m Calculating sizes for a bill of materials. 
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SPECIFYING TYPES OF STEEL 


When it is necessary to specify a particular type of steel in a bill of material, it is often identified by an AISI 
(American Iron and Steel Institute)-SAE (Society of Automotive Engineers) classification number. 

AISI-SAE refers to a standard numbering system for designating carbon and alloy steels. This system essen- 
tially indicates the nominal composition of nine basic types of steel, as follows: 


1—Carbon steel 

2—nickel steel 

3—nickel-chromium steel 
4—molybdenum steel 

5—chromium steel 
6—chromium-vanadium steel 
7—tungsten steel 
8—nickel-chromium-vanadium steel 
9—silicon-magnesium steel 


An AISI-SAE classification for a type of steel consists of either four or five numbers. The first number in 
the AISI-SAE classification system indicates the basic type of steel. The second number represents the nominal 
percentage of the alloying component, and the last two or three numbers indicate the nominal percentage of 
carbon content. 

Examples of number classifications for steel and their interpretation follow: 


Four-Digit Classification: 1005 
1—Represents the kind of steel (carbon) 
0—Indicates zero percent alloy content 
05—Indicates nominal percentage of carbon content in hundredths of 1 percent 
(.05 carbon) 


Five-Digit Classification: 22125 
2—Represents the kind of steel (nickel) 
2—Represents the nominal percentage of the alloying element (2% nickel) 
125—Represents the nominal percentage or points of carbon (1.25 carbon) 


In addition to classification by an AISI-SAE number, steels are also identified by the general terms “low 
carbon steel” (.30% and less carbon), “medium carbon steel” (.30% to .50%), “high carbon steel” (.50% to 
.90% carbon content), and “tool steel” (.80% to 1.50% carbon content). Similar standards are published by 
other associations and institutes. One in particular is the American Society for Testing and Materials (ASTM). 
This society also publishes documents related to the composition of metals. In this system, the letter “A” is 
used to identify ferrous metals and “B” for nonferrous metals, followed by a series of numbers representing 
the various elements that make up the composition of a metal. 


PROJECT SUMMARY WORKSHEET 


Bills of materials may also be included as a part of a Project Summary Worksheet, Figure 5.7. Many companies 
use these sheets in one form or another to track the progress and costs of a project. The information contained 
on the sheet is entered into a computer system, serving as a database for maintaining accountability of the 
project. To summarize, a bill of materials basically consists of the size (length, width, and thickness), the 
kind of material, the part name or item number, and the number of pieces required. This information may be 
supplemented with other information, including the shape of the material, its nominal carbon content (low, 
medium, or high), or an AISI-SAE identification number. 
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PROJECT SUMMARY WORKSHEET 


DRAWING NO. 
TITLE 
DATE- 
OPERATIONS PERFORMED 


DRAWING # MATERIAL 
OR OR QTY/ SETUP CUTOFF LATHE MILL GRIND’ INSP OTHER 
ITEM VENDOR P/N DESCRIPTION VENDOR UNIT HOURS HOURS HOURS HOURS HOURS HOURS HOURS 


— 


no on oo an > WD 


FIGURE 5.7 @ Project summary worksheet. 
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NOTES 


END PLATES SHEARED 
FROM 1/2” x 4" FLAT BAR 
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UNIT 5: REVIEW A 


Graph paper is provided at the end of each review for your use. 


Refer to the drawing, Spacer Bar, page 48. 


1. How many Spacer bars are required to complete 9. Describe how the right-hand end plate differs 
the order? from the left-hand end plate. 


2. What is the total overall length of the spacer bar? 


10. Line ) in the left end view represents which 


ae ae 
3. How many and what size drilled hole(s) are line in the front view? 


required to complete the order? List sizes in 
decimal fractions. 
11. How many inches of weld are required around 
each end of the pipe? 


4. What is the dimension of each of the following 


, f pl i 
Aictanessan ane es 12. How many square inches of plate are required 


for each of the end plates? (Note: Include 


® material for drilled holes.) 
© i 13. What tolerances are applied to the dimensions? 


5. What is the purpose of the phantom lines? 


14. What is the angle of dimension “X”? 


6. What is the total length of 4" x 4" flat bar 15. What is shown in error on the drawing? 
required for completion of the order? 


7. What is the dimension of the distance identified 


a © (assume pipe wall thickness is 4")? 16. Identify the type of line used to show the 
position of the end plates after they are bent. 


8. a. What is the nominal size of the BI pipe? 


b. What is the actual size of the BI pipe? (Note: 17 


. What kind of material is specified for the end 
Refer to Appendix 3.) 


plates? 


c. What is the total length of BI pipe required 


ieecompletononthe sale 18. Identify the type of drawing shown. 
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19. a. Why is the pipe shown with a break? 21. Sketch a bottom view of the spacer bar assembly. 


b. Identify the symbol used for this purpose. 22. Prepare a Project Summary Worksheet using 


the format shown in Figure 5.7. Refer to 

foldout drawing number 7 “Die Stand Frame” 

for data that are available on the print to assist 

in completing the sheet. Where necessary, use 

hypothetical figures in conjunction with the 
SS data shown on the drawing to complete the 

b. Identify the views shown. Project Summary Worksheet. 


20. a. Why are three views used for this part? 
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UNIT 5: REVIEW E 


Refer to the drawing, Ree! Cover Bracket, page 52. 


1. Identify the type of drawing that is represented. 


2. a. What is the total length of square tubing 
required for fabrication of the part? 


b. What is the size of the square tubing? 


3. Does the size of the square tubing given 
represent a nominal or actual size? 


4. a. How many tapped holes are required? 


b. What is the size and pitch of the tap to be 
used? 


c. Interpret the meaning of UNC. 


d. What size tap drill is to be used? 


5. Sketch a right side view of the bracket. 


6. What is the significance of the dimensions 
enclosed in the brackets? 


7. Explain what is meant by TYP as shown on the 
drawing. 


8. What are the dimensions for the following? 


>) 
© 
as (;) ra 


9. Identify a line that is missing on the drawing 
and give its location. 


10. What kind of steel is specified for making the 
bracket? 


11. Prepare a bill of materials for the bracket. 


Bill of Materials 


12. Sketch a bottom view of the bracket. 


13. a. List a location dimension that is missing on 
the drawing. 


b. Identify the view in which it is missing. 
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PTT TT tT tT? tT tT tT tT ete tT TT TT PT TT ET TT ET TE PP TT EE TT EE TT EE ET ET Et 
SC 
Pitt tT ttt te tT TE TT TT TE TT ET TE ET TE ET TE TE ET ET TE ET TE TT EE TE EEE EEE ET ET 
Reese eee Le a eS PT tT TT tT TT 
APRS ASRS AHSCT PE LAA SS AAAS eae 
Pt tT? tty tet tT tT ET TT TTT TE ET TT PE PT TE TE ET TE PT TT PE TT TE TE TT TE TE TE TE ET ETT 
ae ee Be eee RSE SS SESE RAE SRR BREE 
Pt tT? tT tt te tT TT ET TT ET TT ET TE ET EE TE TT EE TE EE TT EE TE EE EE EE ETT 
Ras ss ae Re ae eae AeA SURE SSR ASAE 
a Soe ee ee ee 
PRED EAAD CREAMER LAR AKAD RAE AREAS ERRATA 
eo Te Pt tT Tt te et TT ET TT Tt TT Tt 
RRP RAP AP Pee ARES SR ARS SRSA RSA SSeS 
eRe MEPS SASS AAS SSSA CREB ECCS RR SARE 
RRR ERE COREE SRR PRR REESE 
titi ttt itty ett eT TT EE TT PE TE TE TT EE ET Pt tt tt tT | Yt 
rttTti ttt ttt tt tty eet ET TT ET TT EE TE TE TT TE TE TE ET TE TE ET EE TT ET ET EE TE 
SESS RSE APRA RELEASES EERE PASS RSE ERR AR 
SSR PRE E eR RAR REA ARRAS RAR 
SRR eRe RRA Sa ERS AS RRA SERS REE PRR AES See ae 
Li} 77 tye ete tet tte TT TT TT TT TE TT EE TT TE ET TE TT EE EE ET EE ET 
PT tT TT tT tT TT TT TT TT TT TE TE TT TE ET TE ET TET TT TE TE ET TE TE ET TE TE EE ET EET 
RPaR See STEAD RAS CASA PALETTE LARA SAA 
PAP PACER SSAA eRe CARVE SASS 
SRR eae ee SER EM KRSNA AREER ASAE 
PT tT TTT tT tT eT TE TT TT TT TE TE ET TT TE TT TE ET TT ETT TE ET TE EET TE TE EEE ETT 
ttt ttt ttt et tty eT et TT EE TT ET TT EE TE TE TE TT TE TE ETE TE TE ET TE ET TE EET EE 
ERARPE SE ARRESTS SERA ERE RRS PRA RARER EAA RRR ER 
Se RAR Se eae eS ee ee eee PARAM SSCA AERA 
SERRE SE CORSA SRR RRE RRR RARER ARREARS RES SE 
ee el OP 
SRR REE ARERR ERR eRe PRR ERE SCRE 
ESR RSe RRS ERR ERSTE RES RRS AESRERRERAREREE 
TTT TTT rete eee ye ee ee eT ET ee 
ee PTT TT TTT TTT ETT TT TT ET TT TT TT PT TE TE PT TE ET TE TE ET TE ET TT 
FRAO E SERS SER MERAAR ASAP RESA CARAS RARER SS 
PT tT Te tT TT TT TE TE TT TT TT aa Pt ttt tty tt tT tT tT ET TT TT TT TY 
SRS ERE CSE See RRA SRSA PRE REARERAER ERR 
Aneta 
EEGR PAE DAA RE PARA PAARERE A SEAR 
Pitti ttt ttt ty tT te te tT TE TT TT TP EE TT ET TE TT TE PT TE PT TT TEE TE EE TE EE TT TT 
SE SRaSEE REP eRe Eee ee To 
Lt] PT tT TTT Te tte eT tT TE TT TT TT TE TE TT TT TE TE TE ET ET EE 
PT tT TTT tT te tT TT TT TT TT ET TT TE TT TE ET TT TE ET TE TE TT TE ET TE TE TE EET TE ETT 
FT tT TT tT tt tT TT TT TT TT ET TT TE TT EE TT TE ET TE ET TE TE ET TE TE EE ET ETT 
Hq} pt ft ft tt Ep 
ESSERE AER RRS SSeS SRS RRR SARE REREAD 
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UNIT 5: REVIEW C 


Refer to the drawing, Clamp Bracket, page 56. 


1. a. Identify the three views shown on the 7. What are the inside dimensions of the rectangular 
drawing. tubing? 


8. Are the dimensions of the rectangular tubing 


b. List the location dimensions found on each nominal or actual? 
of these views. 


9. On the drawing, apply a .50 dimension where 
it is so implied by the .50 TYP dimension. 


10. What is the maximum allowable size for 


c. List the total number of parts to be made. dimension 5.500? 


11. Prepare a two-view sketch for each of the parts. 


2. a. What is the angular tolerance specified? Pl 


P2 
b. What is the common fraction tolerance 


specified? 12. Prepare a bill of materials for Pl and P2. Show 
each as a separate bill. 


c. What is the significance of the tolerance FE 


xx = O20? 
P2 


13. What do the following symbols signify? 
3. List the reference dimensions shown on the 


drawing. ar |_| 
b < 
4. List the tolerance(s) applicable to the following Gs i 
dimensions: dR 
OO ee 14. a. What is the diameter size of the cutout? 
1.188 
1% b. What is the tolerance size(s) of the cutout? 


5. What is the total length of rectangular tubing 
required? Allow 4” for finishing and cutting 
each piece to complete all the parts. 


6. What is the total length of angle material 
required to complete all the parts? Allow '4” 
for cutting and finishing each piece. 
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Chee ee ae eee Ae ae 

Ree a eee e zee pee Ce ee 

esa eee ERE Ae eae aaa es ERR REESE 

Ss oe RRS SS LASERS LASASR EASES AREOLA 

Ree ae eRe eee eae eee eee REAR 

ttt tT tT tT Tt tte te tte eet TT EE TT ET TT TT PT TTT tT tT tT TT ET TT TE TE TE EE TT Tt YT 
HAE pT TT Tey EE TT TT TTT eT 
ae SSRs eRe SER EEE 


Po ee a a ea a a 
SRR RSRE RARER RASA RRSP SERA eee 
SREP RE SR PRES PARE PEALE PRES ERSRRAEPERERREREEE 
ee ee ees ee eee ees PERE OR ae eae eee 
tii tty? tt ttt ett tT ET TT TT TE TT ET TE TT TE TE TE ET TE ET ET TE EE EE TE TT 
eT ee a Po 
Sees see Ate aE see RSPR ARP REE RRA SRA SRA SEAS REA 
PT tT TT tT ee tT TT TT TT ET TE ET TT TE ET TE ET TE TE ET TET TT TE ET TE TE ET ET TE ETT 
PT tT tT tT tT tT TT TT TT TT ET TT TE TT EE TT TE ET TE TT TE TE EET EE ET ET 
Te TT ee 
SSBC e Re ASR FASSS SRLS RS CRSA SA SSR 
LttTi ttt tte ete te eet ee eT Te ET TE ET TET TT TE EE EE EE 
Lt} itt}? t ttt tet tT TT TE TT ETT ET TE TT TE TE TE ET TE ET EE TT EEE TT 
Tritt tty rTP eee ee ee ee eee eee 
PT tT TTT tT te tT TT TT TT TT ET TT TE ET TE TE ET TE TE ET TE EE TT EE EE TE TE EE ET 
ae ee ae sca PASE RR CER AEReRRRee 
SRST ASA AAPA SSR SERRE CAA ERRORS REAR SESSReeS 
PT tT TT tT tT TT TT TT TT TT TT TT TE TT TE ET TT ET TE EE TT EE TE EE TE EET 
Pit}? ett ee ttt tT TT TT TT TT TE TT ET TT ET TT TE ET ET TE PE EE TE TE EE TE TE ET Et 
Rats ee Pees Ae Ae RAPER 
(SES Eee Oe eee eee eee eee eee 
SRR REESE SEERA Se ee 
Pt | Pt tt et Tt tT Pt TTT tT te tT TT TT TT TE TE TT Tt YT 
LJ tt ee) TT TE ee 
CEPA SSRRSS ES TRA SEERR SR SE REAR AVA ES RASS 
Cd 1! 
ERRRESER SARS Se AREER SASS REGRESS Rae 
ee ee ees es ee eee Aes eee eee 
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EES RRERE CER R ERS AEE ERE ERED RAE ARERR AEA RER REESE REE ERASE RERERRE 
SP SARS RS ROAR ERA ES RASA EER RA ASRS TARAS ER SERA RRR SEM ASA RSA ARSE 
BER ESERR EERE SPAR RRL RAR ES CSR ERA ARRAS SSR ARPA AARRAE 
A ee Lie 
SERRA PERSE SERS PARA EAR ARERR ERATE 
BEGSSERASEPERAS SAAS RESTA CePA RRS SSSA ERSTE ARRAS 


BESRESSSS CREPES PARSER AR RSE RI AE SESH ASHARERESERAARE SRSA SREB 
ERS SRSA PRR RRARE FARRER ERE ERS AERA REARS ADRES AERA RARE 
SSSR SF SRA RE Aes ERS eee Ree Ree eRe eee 
SEER RRR ERRATA SARAH BRERA REAR AAR RAAT SAREE SAREE 
SPSS A REAR RES SPAR ASRS AEK ARRAS ERD ARRE ARRAS RRR EERE 
Se See RE SARA AAPA AAAS Ae PREAMP EAR EARS BRASS SHR ees 
BRRESESE LEASES SARA PEPER AS CRRA USES SE VERA SER SREB ESTAR 
ba a ee ee 
EER ERESE PER REASE MERA SRE REDEEM EE SRE IRR ELRAERA RECESS SRLS SERRE RP 
Le PP er ee ed eh ae 
ERESEERR RAE SARE RARE SELAH CNAME RARRE KAA RERS RARER TEESE S RHEE 
SPREE Ss CRE RASS ESR ERE PARES SE PRS ROR SERRE ER SEER TERA PSHE 
Ly RT a ee Le LE LEP er ee Pe 
PRS eee PAE eae Ae RE SSAS ASE RARER SSeS PERE RESTA ERaeASe RS a See 
RRR REE Ps See eRe eee eee SRR eee eRe SERRE Sees 
be ee ee eee 
SR RESROA SERRE SHERPA RAE DRE ARERR HEE AREAS REA TERRE 
EERE RARA AREER S AAPA CPPS AE RE RAS SRSA 
ee ee LL 
SRARERER SARE SAAS ARREARS PRES SARA RARER SERA ARER GR CRRA 
SPRPEAHe SHR SAAR SER SAA AAS PSMA RRR RRA SASSER ARR AMAR 
PT tT TTT Tt tT eT TT TE TT TT TE TE TT TT PT TE TT TT EET TT ET TE TT TE TET TE EE TE TT ETT TE ET ET ET TT 
Le ee 
ERPS ES CRRA EAA Oa ARPA SAREE PERERA STRESSES 
EER ESR AA TASS E AREA IAAP SRO RSPR RSA R AR AE RARE CSV ESR RARER EE 
SERS EA ASRS SAS SSA PARA EAS RES SS SARS RARER E SESS SR EESERSEE SHER SSS BER E eS 
PT ttt tT tT tT tT et Tt TE ET TdT PT TE PT TdT TT TT | TE PE ET PT ET ET PT PT TdT PT PE TT TE PE ET TT PE TE ET TE EE TE TE TT EE TE TT ETT 
fT ee Td i 
Ly PT a ee 
PT tT TTT Tt tT et TT TE ET TT TE TE ET TT PT ETT TT EE TT TE ET TT TE ET TE TE ET TT EE TE TE EE ET TT TT TT TT 
EER EERE SS ESE ESA BER ARASH PRAM REERA PEEL RAAEE SEER REAR AERE 
ERE PEAR AURER SERA RARE AREER PEO SAREE CARRERE AAR RENEE 
SRR ERR ODER ERASE POSER SSSR EASES RACES RAE PORE RRA 
SRR EERE RR ER SRR SAREE PERE PASSA CRRA RARER EARLS TARR ARRAS 
PT tT tT? tT tT tT tT et tt tT TT TdT PT ET PT TdT PT PT TdT ET PT PT TT PT PT PT Tr TW Td TL PT TT TT TP PT TT Tc PT PT PT PT TT PT TT | PE TE TE TT ETT 
ARRAS AR ORAS EASE ERE RHR ERMA HERE RAE SARA ERRATA 
ee TE ee eT 
Le Ee A 
Ca ee Ee eae ee 


Structural Shapes 


There are many types and styles of structural metal shapes used in the welding industry. Most weldments use 
combinations of these shapes. In reading prints, it is essential to know the shapes available and how their sizes 
are specified. The Appendix contains size specifications of common structural shapes. 

As discussed in Unit 5, sheet metal is %” or less in thickness and plate is greater than “is” thick. However, 
these measurements will vary slightly from manufacturer to manufacturer. Sheet thickness may be given as a 
fraction of an inch (usually as a decimal fraction) or as a gage number. Plate thickness is given as a common 
fraction of an inch. 

A variety of standard gages is used to measure the thickness of various structural metal shapes. The most 
commonly used gage is the Manufacturer’s Standard Gage for Sheet Steel, formerly the U.S. Standard Sheet 
Metal Gage. Other common gages are the American Wire Gage (AWG) or Brown and Sharpe Wire Gage for 
sheets of brass, phosphor-bronze, aluminum, and German silver; and the Birmingham Wire Gage (BWG) for 
strip steel, steel bands, hoop steel, crucible spring sheet, and sheet copper. 

Table 6.1 gives the standard gages used for wire, sheet, and plate. Note that several of the gages have more 
than one name. 

Figure 6.1 illustrates a standard sheet 
metal gage. The openings along the cir- 
cumference are used to measure the 
thickness of sheet or plate, or the diam- 
eters of wire. The partial circles or holes 
in back of the openings are for clearance 
purposes only. cueanian 

The size of the slot opening is indi- OF SHEET 
cated by a gage number placed near each i peat 
slot on one side of the gage. The opposite 
side of the gage gives this size as a deci- 
mal fraction. Sheet metal thickness is of- 
ten specified with the gage used, the gage 
number, and its decimal size. This proce- 
dure is followed to reduce the possibility 
of error in the selection of the sheet. 

The common method of specifying 
sheet and plate is to give the thickness 


GAGE NUMBER SIZE 
(OPPOSITE SIDE SHOWS 
SIZE IN DECIMAL 
FRACTIONS OF AN 
INCH) 


~ 
~ 
~ 
nN 
= 
w 
o 
> 
2. 
om 


(including gage used when it is sheet), 5 ai: a 

width, and length in that order. The fol- Ppett CLEARANCE 
lowing examples show how sheet and = 
plate sizes are specified. FIGURE 6.1 m Sheet metal and wire gage. 

Thickness Width Length 


Sheet No. 14 AWG (.0641) xX 4’ (or 48”) x 6’ (or 72”) 
Plate'4” xX 3 (or36”) x 8’ (or 96”) 
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Decimel Equivalents 


Birmingham Brown and Manufacturer's British 
Wire (BWG.) Sharpe or Standard Imp. 


Stand. Steel 
Wire Gages or 


U.S. 


Gage also Stubs American Mfr's. Thickness Standard Washburn Standard 
No. Iron Wire Wire (AWG.) for Steel Wire (SWG.) and Moen (old) 
7-0 500 
6-0 464 
5-0 432 
4-0 400 
3-0 Jie 
2-0 348 

0 324 
1 .300 
2 276 
3 02 
4 232 
o 212 
6 192 
7 7¢6 
8 160 
9 144 
10 128 
1 116 
12 104 
13 092 
14 .080 
15 072 
16 064 
17 .056 
18 048 
19 .040 
20 036 
21 032 
22 028 
23 024 
24 022 
25 020 
26 018 
27 016 
28 015 
29 014 
30 012 
31 012 
32 011 
33 010 
34 .009 
35 .008 
36 .008 
37 .007 
38 .006 
39 .005 
40 .005 


TABLE 6.1 m Standard gages—wire, sheet, plate. 


G2 = Blueprint Reading for Welders 


Other forms of structural metals and the methods of specifying their sizes are presented in Table 6.2. 

When considering size specifications, remember that steels are classified as hot-rolled or cold-rolled. Hot- 
rolled varieties are slightly oversized and have slightly rounded corners. Cold-rolled steels are more precise in 
size and have square corners. In addition, there are size specifications for certain structural shapes: S-beams 
(formerly called I-beams), H-beams, wide-flange (W) beams, and pipe are only approximate (nominal). 


Structural Shape Size Specifications 
TxWxl (SYMBOL O or ) 
= Thickness in inches 
t Width in inches (same size as thickness for square 
_ gs bar) 
= 1 Length in feet and/or inches 
W 
SHU AREGAER Expressed as: ‘'/2" x '/o" x 18" 
NOTE SQUARE 'fo" square x 18" 
poanecs NOTE ROUNDED /2" sq 


CORNERS Vos oO X 18" 


ob" x 18 


Ve 18" long 


In machine shop practice, dimensions less than 72" 
are generally given in inches, and in feet and inches 


Oe eeree BOT nOhEEP thereafter. In structural practice, dimensions of 12" 
RECTANGULAR BAR and over are given in feet and inches. 
Gage x W XL 
Gage (thickness) is expressed as a gage number or decimal 
fraction of an inch. 
W = Width in inches 
L = Length in feet or inches 
Expressed as: U.S. Std.Gage #7 x 36" x 96" 
SHEET or .179Sheet x 3' x 8 
or USSG #7 x 36" x 96" 
Wk IL 
Thickness as a fraction of an inch (usually 
T expressed as a decimal fraction) or a gage number 
(for strips 3/16" thick and less). 
= Width in inches (usually does not exceed 6") 


L L 
(3 THICK AND LESS) = Length in feet and/or inches 
| ee 


Expressed as: 1/8" x 2" x 8' 


Ofenil2S 2: 2X8) 


Te Wx (SYMBOL = PL) 
+ T = Thickness as a fraction of an inch or in decimals 
i Cs (‘/a" to 2" or .25" to 2") 
(FTO 2” THICK) W = Width in inches (usually does not exceed 6" 


iz oar | Pa . for flat bar) 


Expressed as: '/s" x 6" x 10' 
PLATE OR FLAT BAR 
or '/s" x 6" x 10'long 
Of ee 25 = Xo" xX 10,PE 


TABLE 6.2 m Size specifications for structural shapes. 
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Weight is another specification applied to certain structural shapes and is often included with the size 
specifications. The weight is given because the cross-sectional areas of two similar shapes may vary although 
the overall sizes are the same. 

Weight specifications are applied to channels, S-beams, M-beams, W-beams, and HP-beams. The specifica- 
tion is given in pounds per linear foot (lb/lin ft). 


Structural Shape Size Specifications 
ne onl (SYMBOL = O or ©) 
D = Diameter in inches (fraction or decimal) 
oe L = Length in feet and/or inches 
Expressed as: 1" round 8'6" long 
Oi | Ox SG 
ROUND BAR or B 1" x 86 
Wx Lk 


T = Thickness in inches (fraction or decimal) 
r W = Width in inches 
am L = Length in feet and/or inches 


CA 
eer eee Expressed as: 1" x 2" halfoval x 16' 


or 1" x 2" half oval 16' long 


HALF OVAL BAR 


y (SYMBOL = HEX) 
Distance across flats in inches (fraction or decimal) 
Length in feet and/or inches 
ca Expressed as: 3/4" HEX x 8" 
1) or 3/4" HEX 8" long 
HEXAGON BAR or ./50° HEX x 10 


L 
rg F = Distance across flats in inches 
L = Length in feet and/or inches (fraction or decimal) 
CZ Expressed as: 1'/2" octagon x 10 
F or 1'/2" octagon 10' long 
‘_ OCTAGON BAR or 1.500 octagon x 10' 


p daa a 
Width of leg in inches 
Thickness of leg in inches 


L 


Length in feet and/or inches 


— 
ia Expressed as: equallegs 2"x 2" x '/4" = angle x 18' 
W : Of Bee Xerxes ama) 
: { : ey veer oe ve iG - 18' 
Lye eye Ol Ae I 18' long 
EQUAL LEGS UNEQUAL LEGS Unequal legsor 2"x 1" x %16" angle x 18! 
X 
X 


3/16" x 18' 
3/4 6" = 8 


ANGLE 
IDENTIFIED BY THE SYMBOL Z ux 
ex 


LOK Xe isg: 18' long 


TABLE 6.2 m Size specifications for structural shapes. (continued) 
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Structural Shape Size Specifications 


Pato Oe Leone Ole. oo While x el 


Width of flange in inches 
FLANGE 


Thickness of flange in inches 


F 
S Width of stem in inches 
; 
L 


Length in feet and/or inches 
WT Tee cut from W-beam 
MT Tee cut from M-beam 


HP = Tee cut from wide flange beam 
TEE Expressed as: 2" x 1'/o" x '/a" Tee x 18' 


ENTIFIED BY THE LETTER — T 
IDENTIFI LETTE or MT1"/2"x 3.12 x 18' (3.12 represents 
pounds per linear ft) 


or WT18x 150 x 18' long (150 represents 
pounds per linear ft) 


MT4 x 13 x 16' long (13 represents pounds 
per linear ft) 
Dk nl eon Oe Vii 
Depth of channel in inches 
Width of flange in inches 
Thickness of flange 
Thickness of web 
Length in inches and/or feet 
Standard shape 
MC = Miscellaneous shape 
Expressed as: 3" x 1.410" x .170 channel x 15' 


or ©3"x 4.1 x 15' (4.1 represents pounds per 
linear ft) 


(LB WT/FT) 
— or MC6"x 12x 14' (12 represents pounds per 
linear ft) 


CHANNEL 
IDENTIFIED BY THE LETTERS — COR — MC or C12 x 6"x 14! 


Width of flange in inches 
Depth of stem in inches 
Thickness of flange 


| A 7 L = Length in feet and/or inches 
—— Expressed as: 19/4" x 13/4" x 13/4" x 5/16" Zee x 18' 
cor L13/a" x 13/4" x 13/4" x 5/16" x 18 
ZEE or 13/4" x 13/4" x 13/4" x 3/6" “L x 18' 
IDENTIFIED BY THE LETTER —Z or 13a" x 13a" x 13/e" x36" —L18' long 


or L154"x 13/s"x2.8 x 18' (2.8 represents 
pounds per linear ft) 


W We De xe WW xe xX on LD x wit er 
y ' 
D 
T 


TABLE 6.2 m Size specifications for structural shapes. (continued) 
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Structural Shape Size Specifications 


Dox sor oD x. wwii -x J 
D = Depth of beam in inches 


WEB 
L = Length in feet and/or inches 
(LB WT/FT) SD = S-beam depth 
a LB WT/FT = Pounds per linear foot 
Expressed as: 4" S-beam x 6' 
or 4"Sx6 
STANDARD S-BEAM (I-BEAM) or 4"°Sx8x6' (8 represents weight in pounds per 
IDENTIFIED BY THE LETTER —S linear ft) 
ALSO MISCELLANEOUS or 4"Sx8x6'long 
BEAM (M-BEAM) or S4"x8x6' 
IDENTIFIED BY THE -_ 
LETTER —M NOTE: Miscellaneous beams are expressed similarly except for the 


identifying letter (M). 
Dex oe wut x aL 
D Depth in inches 


F Width of flange in inches 
WEB L = Length in feet and/or inches 


i Expressed as: 24"x8'W-beam 
a or 24"W-beam, 120 lb/ft x 20' 
WW 
a or 24" W 120, x 20' (120 represents weight in pounds 
7 a 
) per linear ft) 
or 24"W beam 
WIDE-FLANGE BEAM or W24"x 120 x 20! 
IDENTIFIED BY THE LETTER — W ee . 
MISCELLANEOUS AND HP BEAMS The same size specifications apply as for standard and wide- 
flange beams except for the beam identification letter(s). 
ALSO BEARING BEAM For example: M4 x 13.0x 10' 
(HP BEAM) 
IDENTIFIED BY THE or HP14x 117 x 10' long 


LETTERS — HP 
NOTE: Bearing beams are expressed similarly except for the letter 
designation (HP). 


There are two basic types of hollow structural steel with square 
corners: square and rectangular. The size is determined by the width 
and the depth. 


Wie De xe dh exc al 
= Width in inches 
= Depth in inches 
= Thickness in inches 
Length in feet and/or inches 
Expressed as: 1"x 1"x.125" sq. tubing x 10’ For 
Ghmeile Xtaes 2on bel) x 10) Square 
or 1"x1"x.125" sq. tubing, 10' long Tubing 
or = 2" x 1"/4" x .083" x 8' 
or Rectangular tubing 11/2" x 1" 


x 0.65" x 6" 
or Rectangular tubing 2 x 11/2 x 11 For 
gage x 12' long Rectangular 
or = 1"/2 x 3/ax 14 x 10! Tubing 
SQUARE AND RECTANGULAR TUBING (14 signifies gage size of .083") 


or = 1"/o" x 3/4" x 14 [yx 10! 


TABLE 6.2 m Size specifications for structural shapes. (continued) 
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Structural Shape Size Specifications 


One 


There are three basic types of pipe. Nominal sizes for these 
types are determined by the inside diameter except when the 
diameter exceeds 12", in which case the size is determined by 
the outside diameter. 


ID x L (12" D and test) 
4 OD x L (over 12" D) 


Inside diameter in inches 


(Ces 


|" 


STANDARD EXTRA DOUBLE Outside diameter in inches 
(WELDED) STRONG EXTRA STRONG _ 
(SEAMLESS) (SEAMLESS) Length in inches and/or feet 
1D FOR SIZES 
12" AND LESS Standard 


Nominal = Approximate size 


XS = Extra strong 
XXS = Double extra strong 


Expressed as: 5" standard pipe x 8' (5" represents nominal 
ID size) 


or 14" standard pipe x 8' (14" represents 
nominal OD size) 
14" STD pipe x 8' long 
STANDARD PIPE 
IDENTIFIED BY 


THE WORD — PIPE 5" double extra strong pipe x 8' 


L : 
OD FOR SIZES 5" XXS ipe x 8' 
OD OVER 12” Pip 


5" extra strong pipe x 8' or pipe XS 5" x 8' 


5" standard pipe 8' long or pipe 5" STD x 8' 


There are two basic types of tubing: standard and thinwall. 
The size is always determined by the outside diameter and the 
7 ROUND TUBING wall thickness. 


Outside diameter in inches 
Wall thickness in decimal fractions of an inch 
Length in feet and/or inches 
Standard 

Expressed as: 3" x .065" x 10’, standard tubing or STD 

tubing 
or 3" x .024" x 10', thinwall 
OD OD or 3" standard tubing x .065", 10' long 
STANDARD THINWALL 


or 3° STD tubing x .065" x 10' 


TABLE 6.2 m Size specifications for structural shapes. (concluded) 


COMMON STRUCTURAL SHAPES 


The following is an overview of structural metal shapes commonly used in the fabrication of weldments. 
Figure 6.2 and Figure 6.3 show these shapes. Table 6.2 describes how size specifications are given for com- 
mon shapes. 

When ordering structural metal, reference is made to manufacturers’ catalogs. These catalogs contain tables 
with a listing of the sizes available for various shapes, including the weight per linear foot. 
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non oOo Lue YY 


SQUARE HEXAGON OCTAGON ANGLE ANGLE 
BAR BAR BAR EQUAL UNEQUAL 
LEGS LEGS 

SSS —=—e—E——E——E——E—EE eel 

SHEET STRIP OR 

BAND 

RECTANGULAR PLATE OR ROUND HALF ZEE BAR 
BAR FLAT BAR BAR OVAL BAR 


RECTANGULAR 
CHANNEL SQUARE TUBING 
TUBING ROUND ROUND 
TUBING—STANDARD TUBING 
WALL THICKNESS THINWALL 
STANDARD EXTRA DOUBLE EXTRA 
PIPE STRONG PIPE STRONG PIPE 
(WELDED) (SEAMLESS) (SEAMLESS) 


FIGURE 6.2 = Common structural metal shapes. 


FLANGE 
ANGLE OF WIDTH ELenoe 

SLOPE SURFACES 
APPROX. 10° PARALLEL 


BEAM } 
DEPTH 
= —=— WEB 
| THICKNESS (LESS 


THAN FLANGE 
STANDARD (S) _V . 


BEAM THICKNESS) 
WIDE FLANGE (W) 
BEAM 
ANGLE OF FLANGE 
SLOPE VARIES SURFACES FLANGE AND 
en? WEB THICKNESS 
= ARE EQUAL 
MISCELLANEOUS (M) BEARING 
BEAMS (SHAPES OTHER PILE BEAM (HP) 


THAN STANDARD OR 
WIDE FLANGE, OR HP) 


FIGURE 6.3 m Structural beam shapes. 
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Sizes listed for many structural shapes are only nominal sizes. This means that an approximate size, rather 
than the actual size, is represented by the catalog size designation. For example, the designation of a wide- 
flange beam (W) is shown as W10 X 112. The letter “W” signifies a wide-flange beam, the number 10 indicates 
it has a depth of 10”, and the figure 112 signifies a weight of 112 pounds per linear foot. However, the actual 
size of the depth dimension is 11%”, which is one of the items of information provided in the table for wide 
flange beams. Refer to Appendix 2. 

Structural beams are classified into four shapes: 


1. Standard beams (or I-beams) identified by the letter “S.” 
2. Wide-flange beams, identified by the letter “W.” When formed by welding, the identification is “WW.” 


3. Miscellaneous beams identified by the letter “M.” These beams may also be identified as “Jr.,” “H,” or 
“Light Beams.” 


4. Bearing pile beams, identified by the letters “HP.” 


The material of which the structural shape is made is identified on the drawing or in the specifications. 
Sample notes are as follows: 


NOTE: ALL 2’ SQUARE TUBING TO BE WELDED COLD-ROLLED STEEL 
MATERIAL: ALL RECTANGULAR TUBING TO BE SEAMLESS COLD-DRAWN STEEL 


Pipe is also sized by applying a schedule number as a part of the size specification. There are 11 schedules that 
are commonly used: 5, 10, 20, 30, 40, 50, 60, 80, 100, 120, and 160. The schedule numbers represent the strength 
of pipe and refer to its wall thickness. A study of the pipe schedule table in Appendix 3 will show that the higher 
the schedule number, the greater the wall thickness of the pipe. Note that the table uses the abbreviations E.H. 
and DBLE.H., which signify extra heavy and extra extra heavy in place of extra strong (x-strong) and extra extra 
strong (xx-strong). When specifying certain pipe sizes, schedule numbers may be used in place of standard, extra 
strong, or double extra strong designations. Examples of pipe sizes using pipe schedule numbers follow: 


Example 1: 


2” schedule 40 X 10’ welded wrought steel pipe in place of 
2” standard welded wrought steel pipe X 10’ 


Example 2 


3” schedule 80 X 10’ seamless wrought steel pipe in place of 


3” extra strong seamless wrought steel pipe < 10’ 


Standard abbreviations that are used to identify the kinds of metal are given in Table 6.3. 
Note that pipe sizes may also be designated in metric units (mm). Refer to Appendix 4, page 392. 


ee 
Cold-Finished Stee! 
Cold-Rolled Steel eS 
righCarbon Sled | CS | Tungsten 


High-Speed Steel pHs | Wrought Iron oe 


TABLE 6.3 m Material abbreviations. 
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UNIT 6G: REVIEW A 


1. What thickness limit classifies metal as being 
sheet? 


2. What is the decimal size of 14 AWG sheet? 


3. What is the name of a gage used to measure 
nonferrous sheet metal? 


4. What specifications are necessary for ordering 
a standard size of sheet iron? 


5. What other item of stock can be measured with 


a sheet metal gage? 
6. How is plate thickness specified? 


7. Which is more accurate in size, hot-rolled or 
cold-rolled stock? 


8. How can hot-rolled stock be distinguished 
from cold-rolled stock? 


9. What is a piece of 4” X 1” X 6” long stock 
commonly called? 


10. How is the size of round steel or cast iron 
determined? 


11. How is the size of hexagon steel determined? 


12. What is the size specification of this angle iron? 


, Po 


J. 


13. What is the size specification of the angle iron 
below? 


14. Which dimension(s) determine(s) the size of 
this S-beam? 


rc | 
| 


|. —e 


15. Why is a weight specification applied to an 
S-beam? 


16. a. What terms are applied to the parts of the 
wide-flange beam represented by letters E 
and F? 


b. Identify the sizes represented by the letters 
A, B, C, and D. 


ae 


| 
my 
| 


17. Sketch the symbols for: 


a. Square tubing 


b. Rectangular tubing 
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18. What is the difference between a standard 


19. 


20. 


2A, 


ZZ, 


23. 


S-beam and a wide-flange beam? 


What is the difference between a wide-flange 
beam and an M-beam? 


What dimensions do S-beams, wide-flange 
beams, and M-beams have in common? 


What are the similarities between an HP beam 
and a wide-flange beam? 


Write the size specification for a piece of 3” 
hollow, square tubing 4” thick by 12’ long. 


Explain the following abbreviations. 
XS = 
XXS = 
HRS = 


CRS = 


24. 


2 


20. 


HSS = 


Write the size specification for an unequal leg 
angle including length. Use hypothetical sizes. 
Identify what each size represents. 


a. What metric pipe size is approximately 
equivalent to a U.S. Customary pipe size of 
2 Refer to Appendix 4. 


b. What does NPS “4 signify? 


With reference to structural beam S, what do 
the following letters represent? 


M — 


S = 


HP = 
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NOTES 
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SCALE 1/2” = 1" 
DRAWN BY: L. GRADY DATE: 


DRAWING NO. 111276 TOLERANCE +~ 35 Lao 


COMPANY NAME 
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UNIT 6: REVIEW B 


Refer to the drawing, Platform Bracket Holder, page 72. 


1. a. Give the dimensions for distances (A) Bill of Materials 
through {K). 


en («) 
ee (:) 
a, |) 
a () 
—  @® 


7. What corner in the side view represents line (N)? 


8. How many holes are there in the completed 
part, not counting the pipe hole? 


Q2@MOO®O 


b. If dimension () was shown, what kind of a 


dimension would it be identified as? 
9. What size are these holes and how are they made? 


2. a. What is the angle of the chamfer on the 


corners of the upright plates? 10. What are the overall dimensions for parts ©), 


®), and (S)? List thickness, width, and length 


of each part. 
b. What is the angle tolerance? ©) 
3. What kind of plate is used? (S) 


11. What part of the holder assembly uses hidden 


its structure? 


b. What is the actual size of the outside 
diameter? 


12. Which surface is specified to have a machine 
(Refer to the tables in Appendix 3.) finieh? 


5. What line in the top view represents surface (T)? 
13. What fractional tolerance is specified? 


14. What angular tolerance is specified? 
6. a. How many pieces of material are required 


for fabrication of the part? — 
P 15. What line in the front view represents corner W)? 


b. Prepare a bill of materials for the fabrication 16 
of the number required for completion of 
the order. 


. What type of drawing is used? 


@ 500 DRILL THRU 


@ .750 DRILL THRU 


DETAIL “A” 


(SCALE 1”) 


SCALE 1/16" =1" MATL, 3" X 3" * 1/4" 4 STEEL 
DRAWN BY: L. GRADY DATE: 


[DRAWING NO. 2065 [TOLERANCE | 


COMPANY NAME 
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; UNIT 6 Structural Shapes a 75 


UNIT 6G: REVIEW C 


Refer to the drawing, Landing Bracket, page 74. 


1. What size and type of material is used for all 11. What is the term applied to that part of the 
pieces? structural metal shape indicated by line (F)? 


12. Determine what angle is represented by (P). 
(Use a protractor to determine this answer.) 


2. What scale sizes are used on this print? 
13. Considering the scale size used (excluding 
detail drawing) indicate the distances 


3. At what angle is line «) to the vertical leg? representing the following dimensions: 
2 1 " 
4. What line in the top view represents corner () 2? 30" 
430" 
5. What line in the top view represents corner (N)? 60" 
io” 
6. What line in the top view represents surface ©): 14. Insert the missing reference dimension on the 


drawing. (Examine the views to determine 
where the reference dimension is required. ) 


7. How many holes are there in the part? 


8. What sizes are these holes? 15. a. Identify the location dimensions for the 


© .750 hole: 


9. What are the dimensions of distances (A) 
through (©? b. © .500 hole: 


16. What is the overall length of the Z steel required 
(B) to fabricate the bracket? Assume part (A) is 56” 
long and allow '4” for each cut to be made from 
a single piece of angle. 


17. How many brackets are required? 


10. What is the largest dimension shown on the 
drawing? 


@ .375 DRILL, 4 HOLES THRU 


NOTE: 

ALL JOINTS ARE 
TO BE MITERED 
BUTT JOINTS 


SPEC 


MATL. 1° X 1" X 1/4" £ STEEL 


DRAWN BY! 


[DRAWING NO. 1051 TOLERANCE = + 1/64 


COMPANY NAME 


ssapjam 40; Builppoy julsdanjg = 9Z 


| UNIT 6 Structural Shapes u 77 
UNIT 6G: REVIEW D 


Refer to the drawing, Pump Base, page 76. 


1. List the types of lines found on the print. 10. What line in the front view represents 
surface ©)? 


11. Is distance (A) the same as distance ©)? 


2. List an item on the print that is considered to 
be a specification. 12. Make a complete list of materials required for 
the fabrication of the part. 


3. a. What size holes are required? Bill of Materials 


b. How many holes are required? 


4. What are the location dimensions for the holes? 


5. Identify a dimension that would be classified as 
a reference dimension. 


13. The squareness of a rectangular part can be 


checked by measuring the diagonal distance of 
6. What is the angle represented by the oblique the corners. What is the distance from corner 
(slanted) lines? (S) to corner (t) and from corner Q) to 


corner ¢ 


7. What type of joint is shown by the angular 
lines? 
14. What is the range of sizes for the 11" dimension? 


8. What are the dimensions for distances (A) Max. 


through OE 


@) aad © TO 15. What is dimension (U)? 
ae (©) eee 


Min. 


©) eee (H) a 16. How many pieces are required to make the 
pump base? 
ae |) rn 
©  — 


17. What is the total length of Z material required? 


9. What line in the top view represents surface 
? 


@ .500 DRILL,4 HOLES THRU 


SURFACE 


mw 


1 
FLAME CUT, @¢ 5 HOLE 


1" 


565 


5” x 10 
S-BEAM 


3” x 4.1 STD. 
HANNEL 


MATL. STEEL-ALL PARTS 
DRAWN BY: L. GRADY DATE: 


DRAWING NO. 1253 TOLERANCE + 1/16 


COMPANY NAME 


s4apjom 40f Bulppoay julsdonjg = BZ 


10. 


11. 
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UNIT 6: REVIEW E 


Refer to the drawing, Skid Type Engine Base, page 78. 


. What scale size is used on the print? 


. List the structural shapes needed to make the 


object. 


. Give the dimensions for the distances (A) 


through (|). 

® ___ ®__ 
(©) 
ee (;) 
en () 
© 


® 
© 
© 


. What is the distance from the center of hole 


(T) to line (L)? 


. What is the distance from point ©) to point (P) 
. What line in the side view represents surface )? 


. What line in the side view represents the 


underside of surface (S)? 


. What line in the side view represents point @)? 


. What type and size of material is used for parts 


(U) and 


What is the flange dimension for the S-beam? 


What is the depth dimension for the S-beam? 


1, 


>. 


i. 


15. 


We 


18, 


What is the web size of the S-beam? 


Give the weight specification applied to the 
S-beam. Give a reason for including this 
specification and interpret its significance. 


List any dimensions not shown that could be 
used to specify the size of the channel. 


What is the channel flange width dimension? 
(Refer to the appropriate table in Appendix 2.) 


. Write the size specifications for the channel 


pieces according to an accepted form. 


a. How many holes are required? 


b. Describe the holes required. 


c. Give the location dimensions for the largest 
hole. 


Make a complete list of materials needed to 
fabricate the unit, including overall sizes. 
Allow +'%” for cutting and finishing on overall 
dimensions. 


Bill of Materials 
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UNIT 


Other Views 


VIEWS WITH CONVENTIONAL BREAKS 


Many of the structural shapes to be drawn are 

too long to be shown on a print in their true |_| 

size. In addition, the use of a reduced scale size ae ee 

would be impractical because it would be dif- a ee ae || SHORT BREAK 


ALL MATERIALS 


ficult to show fine details. However, this could LONG BREAK — ALL MATERIALS 
be overcome by showing an enlarged detail. Yj 
If the metal has a uniform structural shape Uj 
throughout its length, a reduced length can || || {--@-_} 
be shown by means of a conventional break RECTANGULAR SECTION ROUND SOLID SECTION 


WLLLMLLMM hd 


\ZZZZZZZTZZ. + 3s 4 


PIPE OR TUBING PIPE OR TUBING 


symbol. A break symbol indicates that a sec- 
tion of the metal has been removed. Figure 7.1 
shows the conventional break symbols com- 
monly used on prints. The location where 
the metal has been removed is indicated by 
break lines. The amount removed is not given 
since it has no significance in the reading of 
the print. Figure 7.2 shows the break symbol 
in use on a drawing to reduce the amount of 
space required to show the object. Note that 3” CRS SHAFT ec 
the part is dimensioned as if the entire part a 


were shown. t 
Dimensions given on views that have a con- i 


ventional break are the true sizes, as shown in a to!” 3" 
Pigure 7.2. 8 | —— ; 8 
5 on 


The shape of an object can be shown by the 
use of the break symbol. Ifappropriate section F/GURE 7.2 = Dimensioning with a break symbol. 
lining is used, the composition of the material 
can also be indicated. For example, in Figure 
7.1 the conventional break symbol that illus- 
trates a rectangular section shows the shape 
of the section between the break lines. This 


ae REVOLVED SECTIONS 
method of showing the shape in section is 
often used for structural shapes such as chan- 
nels, S-beams, and T-shapes. The cross section 
Snowe os eqeicnape = a arevolved sec” .) aitoy tee (b) STEEL S-BEAM (c) IRON CHANNEL 
tion, Figure 7.3. Note in Figure 7.3 that the (ALSO GENERAL 
section lines indicate the composition of the mar OnE oy MEE 


, TO DENOTE METALS) 
structural shape. Revolved sections will be 
discussed in greater detail in Unit 8. FIGURE 7.3 m Section lining denoting kind of material. 


FIGURE 7.1 m Typical conventional break symbols. 
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AUXILIARY VIEWS 


The preceding units showed that six basic views can be used to represent an object: front, top, right side, 
left side, bottom, and back. The proper selection and arrangement of several of these views are usually suf- 
ficient to represent an object. However, when an object has a slanted (oblique) face, an auxiliary view may 
be included on the print to show the plane of the slanted surface more clearly. 

The auxiliary view represents a view of the slanted surface from a position at right angles (90°, perpen- 
dicular) to it, Figure 7.4. The surface represented in this manner is shown in its true size and shape. In any 
other view, this surface is distorted or foreshortened. 

The development of the auxiliary view is some- 
times shown by lines projected perpendicularly from 
the slanted surface. Usually, only that part of the 
view that represents the slanted surface is shown, 
Figure 7.5. A short break line indicates the extent of 
the view. Dimensions are applied to auxiliary views 
in the same manner as for other views. 

The number of auxiliary views required depends 
on the number of slanted surfaces an object has. For 
example, Figure 7.6 shows the auxiliary views used 
- to show the true shape of each of the two oblique 
FIGURE 7.4 m Position for viewing an auxiliary view. surfaces of an object. 


HOLE SHOWN IN ITS TRUE SHAPE 


BREAK LINE 


FIGURE 7.5 m Auxiliary view as a partial view. FIGURE 7.6 @ Multiple auxiliary views. 


USE OF BOTH RIGHT SIDE 
AND LEFT SIDE VIEWS 


In general, only a right or left side, top, and front views are required to show clearly all details needed to fab- 
ricate a part. However, when the part is very detailed, both right and left side views are shown in addition to 
the top and front views of the part. 

When both side views are included on a 
print, they are invariably shown as partial 
views; that is, whatever details are shown in 
the right side view are not shown in the left 
side view, and vice versa. Presentation of the 
details in this manner makes reading the print 
much easier. 

Figure 7.7 illustrates the use of two side 
views and a front view. Note the detail that is 


eliminated from one side when shown in the 
other side view. FIGURE 7.7 m Use of both side views. 


NOTE: ROUND PORTION AT NOTE: RECTANGULAR 
RIGHT END OF FRONT VIEW PORTION AT LEFT END OF 
NOT SHOWN FRONT VIEW NOT SHOWN 
LEFT SIDE FRONT VIEW RIGHT SIDE 
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ALTERNATE POSITIONS OF SIDE VIEW 


As stated in Unit 1, the side view is normally  sibde SIDE 
found adjacent to the front view. However, when | poe | 
this location is not possible due to limited space, 

the side view is placed next to and in line with 


the top view. As a result, the space needed to SIDE SIDE 
show the three views is reduced, Figure 7.8. [ [| 
Note also that the side view can be placed to the 

left of either the front view or the top view. FIGURE 7.8 m Alternate positions of side view. 


ENLARGED DETAIL VIEWS 


While prints may be drawn to a reduced, full, or enlarged scale size, parts are often shown in an enlarged 
scale. The enlarged portion of the part, also called the enlarged detail, is shown as an additional view 
usually located near the principal view to 

which it applies, Figure 7.9. The enlarged DETAIL A 


detail provides more space in which to apply 
dimensions and makes it easier to interpret 
the details of the area shown. Each enlarged 
detail is identified by a letter or number. The nee erien 
same letter or number is also used to identify 


the point on a principal view to which the 
detail refers. FIGURE 7.9 m Enlarged detail of a portion of a part. 


DEVELOPED VIEWS 


A developed view, also called a development, is a view of a part as it appears when stretched or laid out on a flat 
surface. This view shows the part before it is shaped by bending, rolling, or other fabrication methods. A developed 
view illustrates the part exactly as it must be prepared before any bending or rolling is performed, Figure 7.10. It 
may be very simple and involve only one bend, or it may be quite complicated and contain a series of bends, curves, 
and angles. It is common practice to show the location of any bends on the developed view. In addition, dimensions 
shown on the developed view include any allowances necessary for bending or rolling. 


@ 875 DRILL 


NOTE: SINCE IT IS NOT NECESSARY THAT THESE 
DIMENSIONS BE SHOWN IN BOTH THIS AND 
THE DEVELOPED VIEW, THEY ARE USUALLY 
GIVEN ONLY IN THE DEVELOPED VIEW. 


(CALCULATE ALLOWANCES FOR BENDS 
AND LAY OUT ACCORDINGLY.) 


THREE VIEWS AS THEY APPEAR ON DRAWING. DEVELOPED VIEW AS IT APPEARS ON DRAWING. 


NOTE: WHEN MATERIAL IS BENT, AN ALLOWANCE MUST BE MADE IN THE DEVELOPMENT FOR THE STRETCHING OF THE MATERIAL. 
IN GENERAL, EACH INDUSTRY WILL DEVELOP ITS OWN METHOD OF DETERMINING BEND ALLOWANCES AND WILL SET UP FORMULAS 
TO COMPUTE ALLOWANCES BASED ON THE ANGLE OF THE BEND AND THE THICKNESS OF THE MATERIAL. 


A COMMONLY USED GUIDE FOR DETERMINING THE BEND ALLOWANCES OF MATERIAL IS AS FOLLOWS: THE SUM OF THE INSIDE 
DIMENSIONS OF THE FINISHED PIECE + 1/3 THE THICKNESS OF SOFT MATERIALS FOR EACH BEND, OR + 1/2 THE THICKNESS OF HARD 
MATERIALS FOR EACH BEND. 


FIGURE 7.10 m The developed view. 
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TOP VIEW 
SEAM 


SHELL 
NOTE: ALL HOLES 
TO BE FLAME CUT 


o 24" STD. 


z DISHED HEADS 


DEVELOPED VIEW 


FIGURE 7.1 1 Drawing of a tank including the developed view of the shell. 


A developed view is also used to indicate the locations of holes in sheets or plates that are to be rolled or 
shaped into cylindrical forms, Figure 7.11. Hole sizes and location dimensions may be given either on the 
drawing of the part or on the developed view. It is not necessary to give the dimensions on both. 

In many cases, a developed view is absolutely necessary. For example, the following shapes all require 
developed views for fabrication: fabricated angular pipe joints in which the sections are rolled from sheet or 
plate, and fabricated spheres, curved domes, or heads, Figure 7.12 and Figure 7.13. Note in Figure 7.12 that 
the dimensions added to the developed views follow the baseline system of dimensioning. 


NOTE: 


FORMULA FOR STRETCH OUT 
3.14 (Pi) or 7 

x10" (Dia.) 

31.40" S.O. (Stretch Out) 


REVOLVED VIEWS 


When an object is shown in true projection, it is drawn in all views as it actually appears. However, in some 
cases, one view of the object may be shown as it does not actually appear. For example, in a revolved view, 
a portion of the object is rotated in order to obtain a straight axis, Figure 7.14(b). In this position, the true 
shape of the object can be determined. This is done to give a more complete description of the object and to 
make the drawing easier to read. Although this is considered a violation of true projection, it is nevertheless 
preferred as shown in Figure 7.14. 
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FIGURE 7.12 m Developed views of sections required 
for the fabrication of an elbow. 
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TOP VIEW 


8 EQUAL 
SECTIONS 


FRONT ELEVATION VIEW 


FIGURE 7.13 m Developed view at right showing layout of plates for dome-shaped head. 
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(a) TRUE PROJECTION (b) ROTATED METHOD OF PROJECTION 


(Preferred) 
FIGURE 7.14(a, b) m Revolved projection. 


NOTE: In Figure 7.14(a), there is considerable detail shown where the angle iron and the small pipe 
join the larger pipe. Also, the hole in the angle iron is not shown in its true shape. In Figure 7.14(b), 
there is much less detail where the parts are joined and the hole is shown in its true shape, thus 
simplifying interpretation of the lower view. 


UNTRUE PROJECTION 


It is possible that lines representing two different surfaces of an object shown in one view would, when shown 
in another view, appear as one line. This tends to make the drawing confusing and more difficult to read. 
Therefore, one of these lines may be shown out of true projection in order to show the edges of the two dif- 
ferent surfaces, as illustrated in Figure 7.15. 


Ai 


(a) TRUE PROJECTION (b) UNTRUE PROJECTION 


NOTE: A and B in Figure 7-15(a) are represented in the right side view by the 
same line. In Figure 7-15(b), A and B are represented by two lines. Although this 
is considered a violation, it is nevertheless used occasionally. 


FIGURE 7.15 m Using untrue projection. 
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CORRECTIONS AND REVISIONS ON PRINTS 


When an error is discovered on a drawing while in use in the shop, quite often the error will be marked with 
a red or yellow pencil. Any such error is usually reported to the supervisor so that corrections can be made on 
future drawings or on the master drawing of the print being used. 

When revisions are required due to changes in design, they are often made on the original copy from which 
the blueprint was made. In some cases, the original size dimension will be removed and the new one substi- 
tuted. When such a procedure is followed, a listing of the original sizes will usually be made on the drawing, 
as shown in Figure 7.16. 


ar REVISIONS 
— ac 


| INDICATE CHANGES BY USE OF LETTERS 


FIGURE 7.16 m Making corrections. 
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UNIT 7: REVIEW A 


Graph paper is provided at the end of this review for your use. 


1. Give three reasons for showing a conventional 7. Sketch two other arrangements of the views 
break on a print. represented by the following orthographic 
sketch. 
RE eS 


; 
< 


2. Illustrate by a simple sketch one method that 


can be used to show a revolved section of a 
: Xx 
length of channel. Use graph paper provided. [_  _ 
3. a. What do the symbols illustrated indicate? 
8. Give two reasons for showing an enlarged 


—-4-4 ae —f—4 a detail on a print. 


b. What material is represented? 
9. What linear distances would be shown ona 
drawing if the following dimensions are drawn 
4. a. When is an auxiliary view used to show a to the scale sizes indicated? 


part? 
}—|Pimension | Seale Se _|_Distnce _ 
" 
b. Is an auxiliary view dimensioned? pat 2” 


5. Develop an auxiliary view from the sketch 
shown. Assume that the part is 4” wide. 


10. Prepare a simple one-view sketch to show the 
use of a long break line. 


6. a. When two side views are used, describe 
where they may be located with respect to 
the front and top views. 


b. Show this as a simple illustration on the 
graph paper provided. 
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Chee ee ae eee Ae ae 

Ree a eee e zee pee Ce ee 

esa eee ERE Ae eae aaa es ERR REESE 

Ss oe RRS SS LASERS LASASR EASES AREOLA 

Ree ae eRe eee eae eee eee REAR 

ttt tT tT tT Tt tte te tte eet TT EE TT ET TT TT PT TTT tT tT tT TT ET TT TE TE TE EE TT Tt YT 
HAE pT TT Tey EE TT TT TTT eT 
ae SSRs eRe SER EEE 


Po ee a a ea a a 
SRR RSRE RARER RASA RRSP SERA eee 
SREP RE SR PRES PARE PEALE PRES ERSRRAEPERERREREEE 
ee ee ees ee eee ees PERE OR ae eae eee 
tii tty? tt ttt ett tT ET TT TT TE TT ET TE TT TE TE TE ET TE ET ET TE EE EE TE TT 
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Cd 1! 
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NOTES 


1" 
RZ 


NOTE: 


2 PLACES 
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ar” 1" 
7 4 
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UNIT 7: REVIEW EB 


Refer to the drawing, Ornamental Support Post, page 92. 


1. What is the difference between the right and 9. Do any of the tolerances given apply to the 
left side views? tapped hole? Give a reason for your answer. 
2. Interpret the significance of 4-— 12 UNC. 10. Using the scale size given on the print, determine 
u, the lengths of the following dimensions: 
12 a is ee 1" 
UNC. 2" es IN ee 
3. What structural shape is indicated by the 11. On what parts are conventional break symbols 
conventional break symbol? used? 


4. What is the significance of the following 


symbol: +@}+? 12. Why is a conventional break symbol used on 
the drawing of the ornamental support post? 


5. What are the dimensions for distances (A) 


through (H)? 13. Identify which dimension on the drawing is a 
® © reference dimension. 
) 14. a. What nominal size pipe is used? 
© © b. What is the inside diameter © of the pipe? 
© ©) (Refer to Appendix 3.) 
6. What are the largest and smallest sizes 
permissible for the © .500 hole? c. What material is the pipe? 
Maximum 


_ d. On the print, indicate locations where welds 
Minimum 
could be applied. 
7. What size drill should be used for the tapped 

hole? 


8. What is the maximum permissible overall 
length of the assembly? 


PART 


45° - 4 EQUAL 


CORNERS @ .500 DRILL THRU 


2 HOLES 


(«) CORNER 


@ 
a 
gE 
cad 
¢ 
i) 
me) 
a 
=] 
‘afin 
a 
1) 
Q 
Q. 
= 
@ 
° 
= 
5 
Q. 
® 
a 
i") 


(W) Hove 


SUPPORT ARM 
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TOLERANCES ON ANGULAR DIMENSIONS ¢ .5° DRAWING NO. 1150 TOLERANCE L2° 
TOLERANCES ON ALL OTHER DIMENSIONS + 1/64” COMPANY NAME 


10. 
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UNIT 7: REVIEW C 


Refer to the drawing, Support Arm, page 94. 


. Name the views that are used to show the part. 


. Which two views are shown as partial or 


incomplete views? 


. Why are two of the views shown as partial views? 


. What is the purpose of using a conventional 


break line on the drawing? 


. What type of view is shown between the break 


lines? 


. At what angle are the corners of part (A) to be 


chamfered? 


. What is the largest angle at which the corners 


of part (A) can be chamfered? 


. What are the overall dimensions for the pieces 


that make up part ©? 


. What corners represent line (D)? 


What are the dimensions for distances G) 


through (WV)? 
©___ 


@_ 
OQ 


a 


eee, | Ke 
_ 


11. 


12. 


1S. 


I+. 


15. 


16. 


Le 


18. 


19. 


How many holes are there in the object? 


What is the largest size that these holes can be 
made? 


What is the smallest size that these holes can 
be made? 


At what angle are the holes spaced from one 
another? 


What is the lateral center-to-center distance of 
the holes? 


a. What is the minimum size that the following 


dimensions can be made: 4”, 274", 2%”? 


ye ee IT a 


b. What is the decimal equivalent for these 


dimensions? 


Whi oe pre 234" 


a. What structural shapes are used for the parts 


shown in the view between the break lines? 


b. Refer to the section lines and identify the 


kind of material that is to be used. 


Make a complete bill of materials required for 
completion of the part. Allow 4” for finishing. 
Assume that the same kind of material is used 
throughout. 


Bill of Materials 


What part is shown as a revolved section? 
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UNIT 7: REVIEW D 


1. Sketch the development drawing required for 
making the pats as illustrated by the two views 
that follow. Use the graph paper provided to 


sketch your answer. 
¥ 1 
hy 
4 


NOTE: TOLERANCE ON 


ANGULAR DIMENSIONS 
= tt 


2. a. What is the maximum size permitted for the 
drilled holes? 


b. What is the minimum size permitted for the 
drilled holes? 


3. What is the maximum angle of bend for the 45° 
dimension? 


4. What is the thickness and kind of material 
required? 


UNIT 7: REVIEW E 


1. Give a brief explanation as to what is meant by 
true projection. 


2. Why, in some cases, is it necessary to show a 
part of the drawing as an untrue projection? 


3. Is it considered a violation of true projection 
when a revolved projection is used? 


MATERIAL: STEEL 


— 
- 
- 


aan 


@ .500 + .005 
2 HOLES 
THRU 


5. What is the overall length of the material 
required? 


4. a. Give a formula that can be applied for 
determining the bend allowance for a soft 
material. 


b. For a hard material. 
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UNIT 


Sections 


FULL SECTIONS 


A full section (or cross section) is a view of an object which is imagined to be cut entirely in half, with half of 
the object then removed so that the cut surface can be viewed for its details. However, the imagined removed 
part is not left out of the other views. 

The cut surface is represented by section lines. Different materials can be represented by various arrange- 
ments of these lines but, for the most part, regular section lining is used and a note is added to specify the 
material. 

The extent of the cut surface, also called the cutting plane, is shown by a cutting plane line located on one 
of the principal views. This line indicates the direction from which the principal view is to be viewed to derive 
the section. In addition, the line indicates where the section is located with relation to the principal view. Note 
that the cutting plane line is composed of long dashes alternating with a pair of short dashes. 

Figure 8.1 illustrates a full section using 
regular section lining. Note the position 
and extent of the section in relation to the 
cutting plane line. 

A print may show several different 
sections of the same part when one sec- 
tion does not adequately show the inte- SECTION A-A 
rior details. However, the sections shown badd NOTE: MATERIAL EXTRUDED—ALUMINUM 
may not be full sections, but rather may 
be sections that represent only portions of 
the part. How these sections are derived is 
indicated by as many cutting plane lines 
as there are sections needed to show the 
interior of the part. Each section is identi- 
fied by pairs of letters that are the same as 
those located near the points of the cutting 
plane line. 

Figure 8.2 illustrates two full sections 
of a part. Note how each section is iden- 
tified with relation to the cutting plane 


FIGURE 8.1 m Front view and full section. 


line. Section lines are shown only where : SECTION B-B 
the imaginary cut has passed through the —eeeteecesrteh 
material. Their arrangement shows that Beas eel 


the part is made from one piece of mate- 
rial. It is preferred practice not to show 
broken lines on section drawings. How- 
ever, they are sometimes included to help 
interpret the shape of the part. FIGURE 8.2 m Front view with two full sections. 
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FIGURE 8.3 m Front view and half section view. 


HALF SECTIONS 


A half section is a view of an object which is imagined to be cut only halfway through (a one-quarter 
section of the part, Figure 8.3). The cut portion is then removed so that the details of the cut surface 
can be viewed. The view of the cut surface shows one half as a section and the other half as it normally 
appears in a principal view. Half sections are used primarily to show the interior construction details of 
symmetrical parts. 

Section lines are used to indicate the imaginary cut surface of a half section in the same manner as for full 
sections. The cutting plane lines serve the same function as those used for full sections, but differ as shown 
in Figure 8.3. Note the difference in the way a half section is represented as compared to a full section. 


REVOLVED 
SECTIONS 


The cross section (true shape) of a struc- 
tural metal shape is often shown on a view 
by a revolved section. As the name implies, a 
revolved section of a shape is a cross section FIGURE 8.4 m Revolved section. 
that has been turned (revolved) 90°. 

When the metal is of such a shape and 
length that break lines are not necessary, the 
revolved section appears as a view placed on 
top of another, Figure 8.4. 

A revolved section can be placed in a space 
between break lines when break lines are used 
to indicate a reduced length. A revolved section 
may also be shown in a space between break 


lines when the structural shape is not uniform : 


GY 


LLL 


in size, Figure 8.5. In this case, break lines 
are not necessarily used to signify a reduced 
length, but may be used to indicate where the 
revolved section applies. 

Although it is not always necessary to 


include a revolved section, it is oftenshown — FIGURE 8.5 m Revolved sections applied for regular but 
to aid print interpretation. nonuniform structural shapes. 
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CHANNEL ROUND BAR FLAT 
CONVENTIONAL SECTION LINING 


FIGURE 8.6 m Application of revolved sections. 


When a structural member of a weldment has several different cross-sectional shapes, these shapes can 
be shown on a print by as many revolved sections as are needed to describe the object. Figure 8.6 illustrates 
several revolved sections for a single structural member. 


ASSEMBLY SECTIONS 


An assembly section is achieved in the same manner as a full section or half section. However, in this case, 
the interior details of assembled parts are represented. 

The section lines used in assembly sections are shown running in different directions so that one part can 
be differentiated from another. 

Surfaces of thin materials shown in section are not indicated by section lines; rather, they are shown as solid 
black lines. When several thin materials are shown adjoining one another, a thin space is allowed between the 
solid lines to show their separation. 

Figure 8.7 illustrates a section of an assembled part. Note the difference in the directions of the section lining. 


2 PARTA PART A 


PART B 


= PART B SECTION B-B 


FIGURE 8.7 m@ Assembly section. 


PHANTOM SECTIONS 


A phantom section is a view primarily used to show a mating part. The phantom section may or may not be 
shown in detail on the drawing. Its primary purpose is to show how the parts fit or operate together, Figure 8.8. 
A phantom section may also be used to illustrate the function of the object. This type of section is not dimen- 
sioned or shown in great detail. The shape (perimeter) of the phantom object and its alternate positions are 
shown through the use of short, thin dashed lines (-----). 


PART “A” 


PART “B” 


PART ‘’C"’ 


PHANTOM SECTION 
TO SHOW FIT OF 
ae aoe PART 
Vf 12 NOTE: PARTS A, B, ANDC WILL BE 
fy Gy DIMENSIONED. PHANTOM 
Sl if SECTION FITS BETWEEN 
7 4 PARTS “B” AND “C” AND 


4/7 
LIE 22 TOUCHES PART “A” 
FIGURE 8.8 m Phantom section. 
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(a) TOP VIEW OF (b) SECTIONAL VIEW (c) ALIGNED SECTION 
PART A THROUGH A-A THROUGH A-B 


FIGURE 8.9 m Aligned sectional view. 


ALIGNED SECTIONS 


When revolved projection is incorporated within a sectional view it is called an aligned section. In this case the cut- 
ting plane line is literally bent to include certain features in the part that are best shown as revolved projections. 


NOTE: Notice that part A is not completely shown in the sectional view, Figure 8.9(b). Figure 8.9(c) 
illustrates the preferred aligned section. The advantage of drawing an aligned section becomes apparent 
in comparing these views. 


BROKEN-OUT SECTIONS 


A broken-out section, like other sections, is used to show the interior of a part. The extent of the section is 
shown by a short break line, Figure 8.10. 


OTHER SECTIONS 


Other types of sections include offset sections and removed sections. Note that each section receives its name 
from the method in which it is obtained or shown. A basic knowledge of full and half sections will assist in 
understanding these other types of sections. 


FIGURE 8.10 m@ Broken-out section. 
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UNIT 3: REVIEW A 


Graph paper is provided at the end of this review for your use. 


Refer to the drawing, Spring Shackle, page 104. 


1. Name the views shown. 11. What is the shape of the nut? 


12. What is the dimension for distance G? 


2. Identify those parts whose cross-hatching lines 13. Prepare a bill of materials for making this 
indicate the kind of material from which they object. 
are made. 
Bill of Materials 


3. Which method (or methods) of dimensioning 
is (are) used on this print? 


4. What linear length represents the dimension 


34” on this print? 14. What is the size of the bolt required? 


5. List the location dimensions for the © .375 iS. eae hecins- ch iiaanitaciscsie? 
holes. 
16. What is the tolerance specified for drilled 
6. What is the overall size of the rectangular hole? 
plate? 


17. What type of section is shown? 
7. Sketch a symbol used on this print to represent 


an external thread. 
18. Identify the parts to be drilled. 
8. Which part or parts does line ©) represent? 
19. What is the OD of the fiber bushing? 
9. Which line is used in the view shown to the 
left to represent the 1/4” pipe size? 
20. What is the ID of the BI pipe? (Refer to 
Appendix 3.) 


10. Which line represents the outside circumference 
of the thread? 
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UNIT 3S: REVIEW B 


Refer to the drawing, Gear Blank, on page 108. 


1. a. Identify the view shown on the left. 


b. Identify the line on this view that indicates 
that a section view is required. 


2. What type of section view is used? 


3. Why is a section view used? 


4. a. Why do groups of the section lines shown 
vary in direction from other groups? 


b. What type of material is represented by the 
section lines used? 


5. What are the dimensions for distances 
through I)? 


®___ © 
©—______. © 
©_______. @ 
©—_____ @ —____ 


6. Why should the © .375” hole be drilled before 
fabricating the part? 


7. a. How much oversize can all flame cuts be 
made? 


b. How many flame cuts are to be made? 


8. How much undersize can all flame cuts be made? 


9. What are the limits on the finished outside 
diameter of the part? 


10. Make a complete bill of materials required for 
making the part. Allow limits as indicated on 
the print for any overall size that may require 
finishing. 

Bill of Materials 


11. a. How many sections of the 10” circular part 
are required? 


b. What method is specified for cutting these 
parts? 


12. What is the wall thickness of the hub? 
13. What is the order number of the part? 


14. How many degrees are specified for each of the 
flame cut sections? 


15. a. What method is specified for cutting the 1” 
diameter hole? 


b. What is the tolerance for the 1” diameter hole? 
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UNIT 3S: REVIEW C 


L;. a. 


Describe the type of line used for showing 
the perimeter of a phantom section. 


. Sketch the type of section lining used to 


illustrate a part that is drawn in phantom. 
Show this within a rectangular phantom 
shape. 


. What are two purposes of a phantom section 


drawing? 


. Fill in the appropriate portions of the 


following sketches using phantom section 
lines to illustrate two purposes for a 
phantom section drawing. Identify the 
purpose of each. 


3. a. Is the part that is shown in phantom usually 


dimensioned? 


b. Give an explanation for your answer to 3a. 


4. Sketch a revolved section for the following 
metal shapes and identify each shape. Use 
graph paper provided for answers. 
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Detail, Assembly, and 
Subassembly Prints 


DETAIL DRAWING 


Components of weldments are shown in detail by prints that are called detail or working prints. A detail print 
contains all the information needed to make a part, including the views required for a complete description 
and the dimensions that are needed for its construction, and may include the directions (indicated by notes 
and symbols) for the operations required. 

It is preferred practice to prepare a detail print for every member of an assembly. However, if the parts are 
small and similar operations are involved, they are sometimes grouped on one print, Figure 9.1. When a part 
is a unit within itself, only one print is usually required to describe it. 

When a unit consists of several parts, and they are to be shown on one print, each part must be identified. 
One method of identification commonly used gives each part a name and a circled letter or number. A similar 
letter or number is given to the part on the assembly print so that the detail can be identified readily with the 
part shown on the assembly. 

Detail prints may include only that information that applies to welding operations, or they may include the 
information needed for all the operations required to make the part. 

In the detail print, Figure 9.1, note the complete dimensioning and how each part is identified. 


@ 312 DRILL THRU 


TOW BAR 


CROSS BRACKET 


FIGURE 9.1 m Multiple-detail print (represents several detail drawings). 
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ASSEMBLY PRINTS 


An assembly print, often identified as a main or top assembly, shows the complete and assembled object. This 
type of print is intended to show the relationship of one part to another when assembled as a unit, and to give 
an indication of the general appearance of the assembly. Broken lines are usually omitted to simplify reading 
of the print. This type of print is used as a guide for assembling finished parts. 

Certain assembly prints may be used as detail prints when complete dimensions are applied to all of the 
assembled parts. Prints of this kind are sometimes prepared for comparatively simple weldments; however, 
this is not a preferred practice. 

Assembly prints may consist of one or more views of the assembled unit. Several views are shown when 
the assembly is complex. More than one print may be used for a complex assembly to show these views. All 
views are shown by the same scale size throughout except for enlarged detail views. 

To show certain portions of the assembly more clearly, enlarged details of parts are drawn to an enlarged 
scale size, and may be included on the assembly print or as an attachment. 

Figure 9.2 illustrates the assembly print of a simple assembly, including several parts shown in the details 
of Figure 9.1. Note that, in this case, no dimensions are applied. Also, the parts are identified by letters 
corresponding to those shown on the detail print. Standard hardware used in the assembly is described in 
the bill of materials (refer to the detail print for the Adjustable Bumper Hitch on the next page). Note that 
standard hardware items are not usually dimensioned in the detail print. Such items may also be shown in 
a listing of specifications. 


SUBASSEMBLY PRINTS 


When an object consists of a number of separate assembled units that comprise the complete assembly, the 
individual units are often drawn as subassemblies. The main or top assembly is first prepared and the subas- 
semblies are identified on the print by a letter or a number and a name for referencing purposes. A drawing for 
each subassembly is then prepared, and each is identified by the letter or number and name found on the main 
assembly. Note that in many cases, subassembly drawings may consist of several views and may be shown in 
an enlarged detail. These drawings are helpful in the interpretation of prints and the assembly of parts; also, 
they facilitate the preparation of bills of materials. Asa rule, a bill of materials is prepared for each subassembly 
and shown in a ruled space on the drawing. 


FIGURE 9.2 m@ Assembly print. 
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UNIT 9: REVIEW 


Refer to the drawing, Adjustable Bumper Hitch Details, page 116. 


. What are the dimensions for distances (L), 


W. @ ©: ©.ana @ 
©__ ® —___ 
®__ @ ___ 
Os ®@ 


. Why is it unnecessary to show the details for 


parts ©), ), and G)? 


. What are the maximum lengths of the following 


dimensions: %”, 8%”, and 64”? 
y) ) 


5A” 8%” 634” 


. Explain the significance of the dimension 


% —13 UNC. 


. Give a reason for showing only one assembly view. 


. What is the maximum diameter for the bumper 


clamp thread specification? 


. Which line in the assembly print represents 


surface (U)’ 


. Which point in the detail represents point 2)? 


. Which corner in the detail represents corner (Cor 


Which point in the assembly represents 


corner )? 


What is the largest overall length to which the 
hitch may be adjusted? 


How many slots will there be in the completed 
bumper hitch? 


How many drilled holes will there be in the 
completed bumper hitch? 


How many inches of thread must be cut to 
complete the order? Disregard stock items. 


i. 


16. 


17. 


18. 


19. 


20, 


2A, 


nD 


pes 


Make a complete list of materials that will be 
required to complete the order. Include overall 
dimensions. 


Bill of Materials 


From what material are all parts of the assembly 
to be made? 


What does a subassembly print represent? 
Give three reasons for preparing a subassembly 


drawing. 


List two terms used to identify a complete 
assembly drawing. 


Give two reasons for preparing an assembly 
drawing. 


a. After reviewing foldout drawing 9 “Mandrel 


Puller Ass’y.”, list the instructions for its 
assembly. 


b. Interpret the following items found in the 
assembly instructions: 


1. DR. 7/16 (0.437@) THRU (4X) 
2. HEX. HD. MACH. SCR. 3/8—-16 X 1/2 LG. 


3. 3/8—16 NUT (4X) 


c. Explain the purpose of the reference dimen- 
sion(s). 


What is the total number of pieces required to 
make the Mandrel Pulley? 


What is the total weight of the Mandrel Pulley? 


Weldin 
and ABI 


WELDING SYMBOL 


Symbols 
reviations 


A standard welding symbol and weld symbols have been developed by the American Welding Society (AWS). 
These symbols developed by the AWS are covered in detail in the units that follow. The standard welding symbol, 
Figure 10.1, consists of a reference line, an arrow, and a tail. Each component has a particular function. The refer- 


ence line is used to apply weld symbols and other 


data, and the arrow connects the reference line to TO INCLUDE TAIL REFERENCE LINE , 
_ ae (SHOWN HORIZONTALLY 

the joint or area to be welded. The tail is added FFP rane 

only when needed for the purpose of includinga = oTHER ApeoW 


specification process or other reference. 

The phrase welding symbol refers to the 
total symbol including all information added to 
it to specify the weld(s) required. Weld symbol, 
on the other hand, refers to the symbol for a 
specific type of weld. The weld symbol is only 
part of the total information that may be con- 
tained in the welding symbol. 

The arrow of the welding symbol may be 
shown with or without a break. When shown 


REFERENCES 


TAIL OMITTED 
WHEN A REFERENCE 
IS NOT USED 


FIGURE 10.1 m Standard welding symbol. 


ace MULTIPLE 
with a break, the break is made toward the witout ARROWS 
BREAK 


member of the joint that is to be prepared or 
shaped, Figure 10.2. Note that if there is no pref- 
erence as to which joint member is to be prepared, 
or it is obvious which member is to be prepared, 
the arrow need not be shown with a break. The 
arrow is always drawn at an angle to the reference 
line. It is never drawn parallel (horizontal) to or 
in the same plane as the reference line. 

Multiple arrows may be added to the reference line 
to show the same weld required in several different 
locations, as in the case of a group of spot or fillet 
welds, Figure 10.2. 

The reference line of the welding symbol also has 
a particular significance that remains the same regard- 
less of the elements added to it, and it is always drawn 
horizontal to the bottom of the print. The lower side 
of the reference line is termed the arrow side and the 


ARROW 
WITH BREAK 


FIGURE 10.2 m Variations in the application of the arrow. 


OTHER SIDE 
ARROW SIDE 


OTHER SIDE 
ARROW SIDE 


FIGURE 10.3 m Arrow side, other side locations. 


upper side is termed the other side, Figure 10.3. It should be noted that the terms “arrow side” and “other 
side” apply to the location of the weld with respect to the joint. The direction of the arrow has no bearing on 
the significance of the reference line (refer to Figure 10.4a). The arrow simply indicates a point to which the 
significance of the reference line and its elements are applied. 
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ad 


4 ARROW LINE AND REFERENCE 


LINE DRAWN CORRECTLY 


I ini = 
(b) 


LINE DRAWN INCORRECTLY reference lines to the 
standard welding 
a symbol. 


Multiple reference lines may also be used within the basic welding symbol, Figure 10.4(b). Additional informa- 
tion on multiple reference lines is presented later in this unit. 


LOCATION OF WELD SYMBOL 


When a weld symbol is placed on the reference line on the lower side of the line, the weld must be made on 
the arrow side of the joint. 


Figure 10.5(a) illustrates the application of a 
welding symbol. The element shown on the refer- 
ence line is the weld symbol for fillet Fa or <. The 
symbol is located within the length of the reference 
line. In this case, the weld is to be made on the arrow 


side of the joint. The significance of the symbol is (a) SYMBOL (b) SIGNIFICANCE 
illustrated in Figure 10.5(b). Note that the vertical 
leg of the fillet weld symbol is always shown drawn 
to the left of the slanted side of the symbol. 

If the fillet weld symbol is placed on the other side of the reference line, the welding symbol is made as 
shown in Figure 10.6(a). Its significance is shown in Figure 10.6(b). 

To summarize, Figure 10.7(a) and Figure 10.8(a) illustrate the alternate positions of the weld symbol on the refer- 
ence line. The significance of the welding symbol in each case is illustrated by Figure 10.7(b) and Figure 10.8(b). 

When weld symbols are placed on both sides of the reference line, the welds must be made on both sides 
of the joint, Figure 10.9 and Figure 10.10. 


“Sh Bde” hb 


FIGURE 10.5(a, b) m Fillet weld, arrow side. 


(a) SYMBOL (b) SIGNIFICANCE (a) SYMBOL (b) SIGNIFICANCE 
FIGURE 10.6(a, b) m Fillet weld, other side. FIGURE 10.7(a, b) m Fillet weld, arrow side. 
(a) SYMBOL (b) SIGNIFICANCE (a) SYMBOL (b) SIGNIFICANCE 


FIGURE 10.8(a, b) m Fillet weld, other side. FIGURE 10.9(a, b) m Fillet weld, both sides. 
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(a) SYMBOL (b) SIGNIFICANCE 


FIGURE 10.10 m Two-joint fillet welds (both sides of joints). 


FINISH DESIGNATOR GROOVE ANGLE; INCLUDED ANGLE 
OF COUNTERSINK FOR PLUG WELDS 
CONTOUR SYMBOL 
IN ROOT OPENING; DEPTH OF FILLING 
eacGvE WEL CiZe FOR PLUG AND SLOT WELDS 


LENGTH OF WELD 
DEPTH OF BEVEL; SIZE 


OR STRENGTH FOR PITCH (CENTER-TO-CENTER 
CERTAIN WELDS SPACING) OF WELDS 
SPECIFICATION, FIELD WELD 
PROCESS, OR SYMBOL 
OTHER REFERENCE BOTH BOTH 
( ) SIDES SIDES = WELD-ALL- 


4 & AROUND 
SYMBOL 
BOTH BOTH 
SIDES SIDES 
TAIL (MAY BE OMITTED 
WHEN REFERENCE 
IS NOT USED) 


N REFERENCE 
LINE 
WELD SYMBOL 


* NUMBER OF SPOT, SEAM, 
STUD, PLUG, SLOT, 
OR PROJECTION WELDS 


ARROW 
CONNECTING 
REFERENCE LINE 
TO ARROW SIDE 
MEMBER OF 
JOINT OR ARROW 
SIDE OF JOINT 


ELEMENTS IN THIS AREA 
REMAIN AS SHOWN WHEN TAIL 
AND ARROW ARE REVERSED 


WELD SYMBOLS SHALL BE CONTAINED WITHIN 
THE LENGTH OF THE REFERENCE LINE 


FIGURE 10.11 m The welding symbol, its elements, and their locations. 


ADDITIONAL WELDING SYMBOL ELEMENTS 


A knowledge of the other elements added to the welding symbol and their placement is required before weld- 
ing symbols on prints can be interpreted properly. 

Each element applied to the basic welding symbol has a standard location with reference to the components 
of the welding symbol and to the other elements that are added to it. Figure 10.11 illustrates the different 
elements that may be added to the welding symbols and where they are located with respect to the arrow tail 
and reference lines. 
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GROOVE WELD SYMBOLS 


FILLET | PLUG | SLOT | STUD PROUEC: SEAM FACING | EDGE 
BACKING 


NOTES: ------ (DASHED LINE) REPRESENTS REFERENCE LINE 
@ SYMBOL USED FOR DIAMETER 


FIGURE 10.12 m Basic weld symbols. 


N- 
CONTOUR a. BACKING WELD- 


CONVEX CONCAVE INSERT ehnwen ARGUE 


ee At * BACKING 
vit 


*THE LETTER “R” 1S PLACED WITHIN THE BACKING MATERIAL SYMBOL TO SPECIFY REMOVAL OF BACKING MATERIAL UPON COMPLETION 
OF WELDING. 


FIGURE 10.13 m Supplementary symbols. 


The specific elements to be applied to the welding symbol to denote the types of welds are illustrated in 
Figure 10.12. 

A standard set of supplementary symbols may also be added to the basic welding symbols, Figure 10.13. 

Figure 10.14 shows the kinds of basic weld symbols applied to a welding symbol and their location with 
respect to the reference line of the basic welding symbol. Note that all symbols do not have an arrow side, other 
side, or both sides application as illustrated by the spacer symbol. Also note that an arrow with a break is 
generally necessary with bevel and J-groove symbols. In cases where it is obvious which joint member is to 
be prepared, an arrow with a break is not required. 


**Back o¢ backing is specified in tail of welding symbol having a single reference lime. 


FIGURE 10.14 @ Basic weld symbols and their location significance on the reference line. 
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OBSOLETE WELD SYMBOLS 


Weld symbols are periodically revised to simplify the shape of the symbol, to consolidate several symbols into 
one, or to create a symbol to specify a newly 


developed welding technique. PLUG ARC SEAM RESIS RESIS- 
— EDGE }CORNER TANCE | PROC | TANCE 
The weld symbols illustrated in Figure 10.15 | FLANGE|FLANGE| Por | arcepor | spot Lee 


are called obsolete symbols because they have 
been replaced by new symbols. These symbols 2s x<_| | fr 
are not used on current prints; however, they are 


included for reference in older prints. 


FIGURE 10.15 m Obsolete weld symbols. 


PREFERRED sco 
SYMBOLS 


SIGNIFICANCE 


Field Weld, Weld-All-Around 
Symbols 


Welds extending continuously around the joint 
are indicated by placing the weld-all-around 
symbol at the break of the reference arrow 
line, Figure 10.16. 

Welds not made in the shop are identified 
as field welds and are indicated by placing FIGURE 10.16 @ Application of weld-all-around symbol. 
the field weld symbol > or 4 at the break in 
the reference arrow line. Note that the flag 
of the field weld symbol may point in either 5 x N 
ee Oe a one WELD-ALL-AROUND FIELD WELD WELD-ALL-AROUND 
welding symbol, Figure 10.17. A field weld FILLETWELD FILLET WELD IN FIELD, FILLET WELD 
symbol and the weld-all-around symbol may 
be used together, Figure 10.17. 


FIGURE 10.17 m Weld-all-around and field weld symbol. 


CONTOUR AND FINISH SYMBOLS 


Supplementary contour symbols are used with the weld symbols to indicate how the face of the weld is to 
be finished, Figure 10.18. In addition, finish symbols may be used with contour symbols to indicate the 
method to be used for forming the contour of the weld. Letter designations are used for this purpose: “C” 
for chipping, “G” for grinding, “M” for machining, “R” for rolling, “H” for hammering, “P” for planishing, 
and “U” for unspecified. Applying the letter “U” to a contour symbol signifies any method of finish may be 
used. A standard finish mark or V may 

be applied to the contour symbol with a 


numerical degree of finish shown above the \ az = ¥ pa, A; ee 


finish mark, Figure 10.19. (a) FLUSH OR FLAT CONTOUR 
Note that contour and finish symbols are mnetatiera ena iad 
placed on the same side of the reference Go WITH BASE METAL 


line as the weld symbol. They are located 
directly above the weld symbol when the 
weld symbol is on the other side of the 
reference line, and directly below the weld 
symbol when it is located on the arrow side FIGURE 10.18 m Contour symbols. 
of the reference line. 


SIGNIFICANCE 


SYMBOL AS WELDED 
(b) ARROW SIDE, FLUSH CONTOUR SYMBOL PLANISHING 
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SYMBOL AS WELDED SIGNIFICANCE 
(a) SQUARE GROOVE WELD, BOTH SIDES, MACHINE FLUSH SYMBOL 
- eA 
DEGREE & 
/ : OF G 
cy | - FINISH 


$4 


STANDARD -+- 
NK SF Nisi SYMBOL AS WELDED SIGNIFICANCE 
MARK (b) DOUBLE BEVEL GROOVE WELD, BOTH SIDES, CONVEX CONTOUR 


SYMBOL (FINISH IS ACHIEVED BY GRINDING) 


FIGURE 10.19 m@ Finish symbols. FIGURE 10.20 m Application of finish symbols. 


The finish symbols commonly used are shown in Figure 10.19 and Figure 10.20. However, manufactur- 
ers may use their own designations for finishing. Although the degree of finish is not included in the AWS 
standards, many manufacturers do indicate a desired finish, 
particularly in the case of flush or flat welds. An example of \ x : : f 
such a specification is the 250-microinch finish requirement x 
shown in Figure 10.19. The method of obtaining this finish iid ina 


may or may not be indicated. mae ! 
MULTIPLE WELD SYMBOL SIGNIFICANCE 
SYMBOLS 


When more than one weld is required for a joint, 


a symbol is shown for each weld, Figure 10.21. OP MEMBER WITH 
BEVEL PREPARATION 


FIGURE 10.21 m Specifying more than one weld. 


DESIGNATION OF 


BEVELED a 


Certain welds require that one of the members of the — sipe view FRONT VIEW SIGNIFICANCE 
joint be beveled before the weld is actually made. SYMBOL 
To be precise, a bevel describes an edge preparation 
with a sharp or “feather” edge (q\) or witha 


REINFORCEMENT REMOVED 


BY 4x 


. a 
root face or “land” (C= ). Machinists make 
a clear distinction between bevel and chamfer, but 


weld fabricators often simply apply the term “bevel” cialis (b) eet eee 
to both. When a bevel or J-groove weld symbol 
(either single or double) is used, the arrow will a ies as ae 
point with a definite break toward the member to be 
shaped. In Figure 10.22(a) and (c), the break in the 
arrow indicates that the upper member of the joint 
is to be beveled. In Figure 10.22(b), the right-hand 
member of the joint is to be prepared. 
SIDE VIEW ~~ FRONT VIEW SIGNIFICANCE 


DIMENSIONS ON (c) 
WELDING SYMBOLS NOTE: BREAK IN ARROW POINTS TO MEMBER TO BE SHAPED 


There are definite locations on the weldingsymbol FIGURE 10.22 m Designation of weld on chamfered or 

for designations of the size or strength of the weld, beveled members. 

length of the weld, pitch (center-to-center spac- 

ing), and the number of welds (in the case of plug, slot, spot, stud, seam, or projection welds). These locations 
are determined by the side of the reference line on which the weld symbol is placed, Figure 10.23(a) and (b). 
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GROOVE ANGLE; INCLUDED 
ANGLE OF COUNTERSINK 
FOR PLUG WELDS 
A 


LENGTH OF WELD 


ROOT OPENING OR DEPTH —— R 


OF FILLING FOR PLUG AND 


(b) LOCATION OF DIMENSIONS 
WHEN WELD SYMBOL IS ON 


“os 

SLOT WELDS x PITCH (CENTER-TO- 
Zra f cENTER SPACING) 
DEPTH OF ———— S(E) #2 6 @| L-P OF WELDS 
PREPARATION 7 il 
SIZE OR = 
STRENGTH = 
FOR CERTAIN “4 
WELDS = 
(N) <—__. NUMBER OF SPOT, SEAM, SLOT, 

REFERENCE STUD, PLUG, OR PROJECTION 
LINE WELDS 


GROOVE WELD SIZE 


(a) LOCATION OF DIMENSION WHEN WELD SYMBOL IS ON OTHER 


SIDE OF REFERENCE LINE 


FIGURE 10.23 m Location of dimensions. 


3-7 
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ROOT GROOVE GROOVE ANGLE SIZE OF GROOVE 
OPENING ANGLE AND ROOT AND GROOVE 
OPENING WELD SIZE 


30° 


gE me a 


ANGLE OF 
COUNTERSINK 


DEPTH OF 
FILL 


(4) 


NUMBER OF WELDS 


FIGURE 10.24 m Size dimensions applied to weld symbols. 


LINE 


SIZE 


LENGTH AND PITCH 


3-5 
4-7 


DIMENSIONING FOR 
STAGGERED INTERMITTENT 
FILLET WELDS 


ARROW SIDE OF REFERENCE 


HEIGHT OF SURFACE BUILD UP 


RADIUS OF FLARE V-GROOVE 


HEIGHT OF WELD 
REINFORCEMENT 


The location for the number of spot or projection welds may be either above or below the symbol since there 
may be no arrow side or other side significance for these symbols. 

Figure 10.24 shows how dimensions are applied to symbols. A detailed explanation of their application is 
presented in later units which refer to specific welds. 


DESIGNATION OF SPECIAL INFORMATION 


Certain operations require a specific welding process, a particular type of electrode, or other information nec- 
essary to complete the weld. In this case, a note can be placed in the tail of the reference line (using standard 


welding abbreviations), Figure 10.25. 
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Note that the term “back gouge” indicates 
removal of weld metal and base metal from 
the other side of a partially welded joint. This 
ensures complete joint penetration when weld- 
ing the gouged side of the joint. 

There are circumstances when weld sym- 
bols are not added to the reference line of a 
welding symbol. This may occur when the 
drawing permits optional joint preparation 
with only complete penetration specified. This 
is so indicated by placing the letters “CJP” in 
the tail of the arrow and omitting the weld 
symbol, Figure 10.26. A note is added to the 
print that signifies this option. 

It should be noted that when the letters “CJP” 
are found in the tail of the arrow, a complete joint 
penetration weld is required regardless of the 
type of weld or joint preparation that is used. 

The welding symbol may not always be 
adequate to denote the weld required, such as 
for skewed joints (joints that deviate from a 
straight line). When this is the case, a cross 
section or detail drawing of the joint and shape 
of the weld is shown on the print. Data, in the 
form of notes, may be added to the drawing to 
further clarify the joint or weld required. Refer- 
ence is made to the detail or section drawing by 
a note or notes added to the reference line of the 
welding symbol with an arrow side, other side, 
or both sides significance, Figure 10.26 and 
Figure 10.27. In such cases, a weld symbol is 
not shown on the reference line. 

A weld symbol may be omitted from the 
reference line if the type of joint preparation 
is not specified. The weld size is indicated on 
the desired side(s) of the reference line, Figure 
10.28. 


LOCATION OF 
THE WELDING 
SYMBOL ON 
ORTHOGRAPHIC 
VIEWS 


The welding symbol can be placed on any of 
the orthographic views, but is generally shown 
on the view that best illustrates the joint. The 
location of the welding symbol on each view is 
illustrated in Figure 10.29. However, when the 
symbol is shown on one view, it is not necessary 
to include it on any of the other views. In Figure 
10.29, note that the front view gives the best indi- 
cation of the joint; therefore, the symbol should 
be added to this view. 


REFER TO 
DETAIL “A” 
cMAW-4)>—_” SEE 
NOTE 
fe #1 
BACK 
GOUGE 


FIGURE 10.25 m Specifying additional information in the tail of 
the welding symbol. 


NOTE NO. 2 
NOTE NO. 2 


CIP 


NOTE: TYPE WELD AND JOINT PREPARATION 
OPTIONAL 


FIGURE 10.26 m Specifying “Complete Joint Penetration” (CJP) in 
the tail of the welding symbol. 


SK.NO.18 
DWG. 25 ‘e 
SEC “’B-B"’ 
DETAIL “A” 


NOTE 6 f™ 


NOTE 8 


FIGURE 10.27 @ Application of information to reference line of 
welding symbol. 


‘ 
G) SEE 
4 SEE > J 
DETAIL 
NOTE eae (2) 
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FIGURE 10.28 m Size of groove weld applied to welding symbol 
without reference to a weld symbol. 


SIGNIFICANCE ale ZI 
FRONT VIEW SIDE VIEW 


FIGURE 10.29 m Symbol may be placed in any view in the 
orthographic projection. 
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DUPLICATE WELDS 


To save drafting time and to reduce drafting 
costs, itis common practice to designate sim- 
ilar welds by additional (multiple) arrows, 
Figure 10.30(a), or by an indication placed 
in the tail of the symbol, Figure 10.30(b). It 
should be noted, however, that any indication 
such as “4 places” must refer to obvious welds. 
If there is any doubt where these “4 places” are 
on the print, separate symbols for each weld 
should be applied. Note that the abbreviation 
“TYP” for typical may be used to indicate a 
repetition of identical welds and is shown in the 
tail of the welding symbol. 


MULTIPLE 
REFERENCE 
LINES AND THEIR 
APPLICATIONS 


Additional reference lines may be applied to the 
basic welding symbol to show: (1) a sequence 
of welding operations where the first opera- 
tion must be completed before the next can 
be performed and (2) supplementary symbols 
applicable to the weld symbol shown on the 
first reference line. Note that the first reference 
line is the one located closest to the arrow, 
Figure 10.31(a, b, and c). 

When multiple reference lines are applied to 
the basic welding symbol, the weld-all-around 
and field weld symbols may be added to one or 
all of the reference lines. Tails may be added 
similarly, Figure 10.32. 


WELDING 
ABBREVIATIONS 


Standard abbreviations or letter designations 
for the various welding processes developed 
by the AWS are universally accepted by the 
welding industry. 

The welder will find these standard abbrevia- 
tions on prints used for the fabrication of weld- 
ments. Table 10.1, Table 10.2, and Table 10.3 
illustrate the letter designations used for welding 
processes, cutting processes, and the methods 
of applying these processes. These letter desig- 
nations are used with welding symbols or are 
included in the notes on prints. Note that the 
abbreviation for each welding process ends with 
the letter “W” and for each cutting process with 
the letter “C”. 


WELD 
CONTINUED 
THROUGHOUT 

SYMBOL (a) SIGNIFICANCE 
7 TYP 
: 4 PLACES 
8 

SYMBOL SIGNIFICANCE 


(b) 


FIGURE 10.30(a, b) m Duplicate welds. 


3RD OPERATION 


2ND OPERATION 


1ST OPERATION 


FIGURE 10.3 I{a) m Sequence of operations signified by multiple 


reference lines. 


1ST OPERATION 
(BACKING WELD) 


2ND OPERATION 
(BEVEL-GROOVE WELD, 
FLAT CONTOUR) 


3RD OPERATION 
(FILLET WELD, 
CONVEX CONTOUR) 


) 


FIGURE 10.31(b) m Application of weld symbols to multiple 


reference lines. 


1ST OPERATION 
(FILLET WELD) 


WELD IN ACCORDANCE 
WITH COMPANY 
STANDARD 


FIGURE 10.3 I{c) m Application of supplementary data to second 
reference line. 


BACK WELD, 
OTHER SIDE 


AFIELD 
WELD 


BACK SYMBOL 
GOUGE 
awe LO- 
ALL-AROUND 


SYMBOL 
SINGLE U-GROOVE / 
WELD, ARROW SIDE 


FIGURE 10.32 m@ Application of field weld symbol, and tails to 


multiple reference line. 
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AAW 


FW 
GMAW 
GMAW-P 
GMAW-S 


a 
Pe 
a 

ean 


Gas Metal Arc Welding—-Short Circuiting Arc 


TABLE 10.1 m Letter designations for welding processes. 
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ane 
r 
: 
r 


TABLE 10.2 m Letter designations for cutting processes. 


PROCESS 
REFERENCE 
PLACED IN 
TAIL OF 


a 
oo 


Semiautomatic 


SA 


TABLE 10.3 m Letter designations 
for applying welding 
processes. 


Note: These suffixes may be used if it is desired 
to indicate the methods of applying the welding 
processes, Figure 10.36. 


Figure 10.33 shows how letter designations 
for welding processes are applied to welding sym- 
bols. Note that in each case the letters are located 
in the tail of the arrow. 

When a contour symbol is used, an abbre- 
viation for the method of finish may be included, 
Figure 10.34. All letters shown on prints do not 
necessarily represent letter designations or abbre- 
viations. For example, letters can be used with 
specifications, Figure 10.35. In this case, the 
letter “A” has no significance except to identify 
the specification to which reference is made. 

There are other occasions when letters are 
used solely for identification purposes. As weld- 
ers become familiar with reading prints, they 
will be able to distinguish between the letters 
applied as abbreviations and those used to iden- 
tify specifications. 


PROCESS REFERENCE 


. PLACED IN TAIL OF SYMBOL j 


FIGURE 10.33 m@ Application of abbreviations to welding symbols. 
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Pp 
G : 
yatt FLAT CONTOUR 
il PLANISHING 
Cc FLUSH CONTOUR H 


H BY GRINDING \ Fant 


FLUSH CONTOUR FLAT CONTOUR 
BY CHIPPING BY HAMMERING 


U 
ba “ | | SPEC. A 
FLUSH CONTOUR 
FINISH METHOD AL; 


UNSPECIFIED M 
FLUSH CONTOUR CURVED CONTOUR 
BY ROLLING BY MACHINING 
FIGURE 10.35 m Letter “A” used for 
FIGURE 10.34 m Finish abbreviations, also called finish symbols. identification of specification. 


THICKNESS 
AW-MAN TOLERANCE a 
{ 4 
car iat 0 
Note: AW=ARC welding process 60° 
MA=Method used to do welding GROOVE 
TOLERANCE 
+ — 5° 


FIGURE 10.36 m Suffixes indicating method of 
applying welding process. 


FIGURE 10.37 m@ Application of weld symbol dimension tolerance. 


WELD SYMBOL DIMENSION TOLERANCE 


A tolerance applicable to a weld may be shown as a dimension within the tail of the welding symbol, 
Figure 10.37. 


SUMMARY 


1. The terms arrow side, other side, and both sides refer to the location of the weld with relation to 
the-joint. 


2. The elements that can be added to the basic weld symbols are: contour and finish desired; dimensions 
such as size, strength, length, pitch, angle of groove, angle of counter sink, root opening, and depth of 
preparation; combinations of different types of weld symbols; number of welds (quantity of resistance- 
spot and projection welds required); field weld and weld-all-around symbols; specification and process 
references; and detail references for special welds and test symbols. 


3. By application of standard elements to the reference line and tail of the welding symbol, and by use of 
the arrow or multiple arrows to indicate the location of welds, the necessary information is provided to 
the welder for performance of required welds. 


4. Multiple reference lines may be used to indicate the sequence of operations and supplementary data 
applicable to the weld symbols shown. 
5. When the information shown by the welding symbol is not adequate, it is supplemented by written 


data, notes, and specifications, and by detail and section drawings. 


There are standard abbreviations or letter designations for the various welding processes that are applied 
to the tail of the welding symbol when it is appropriate to do so. 
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UNIT 10: REVIEW A 


Graph paper is provided at the end of this review for your use. 


1. What is the purpose of a weld symbol? 7. Sketch and label the symbols used to indicate 
the contour of a weld. 


8. Apply a welding symbol to show a fillet weld to 


2. Identify the arrow side and other side of the the following joints as indicated in a, b, and c. 


welding symbols shown. 


a. Bothsides b. Arrowside’ c. Other side 


a P 9. Describe the difference between a weld symbol 


and a welding symbol. 


3. On which side of the reference lines are the 
following weld symbols located? 


a. \Z__ b. os ated 
% sé \A 10. What information is usually placed in the tail 
of the symbol? 


4. Indicate the side of the joint to be welded by 
placing an X at the appropriate point(s) on the 
joint. 


_le~ —L i 11. Give two methods used to specify the size of a 
weld. 
a. b. 


7s es a 
— >» 7 12. Give two reasons for using standard letter 
d. 


designations. 
ag 


5. Describe the types of welds specified in 


question 4. 

a. 13. Where are letter designations principally found 
bi: on a welding symbol? 

C 

d. 


14. List four categories of welding letter designations. 
6. Give the significance of the following symbols. 


-“-Q. IRL MZ. AT owe 
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15. Do all letters found on a print represent a. 
abbreviations or letter designations? 
gations? QAEO 4 DO 
. 65° 
Give a reason for your answer. sy : & 
i6\8 8 


16. How is it possible to distinguish a welding 
abbreviation or letter designation from another 
standard abbreviation? 


17. Interpret the significance of the letters shown 
in the following illustrations (a through f). 


a. FWY / FW = 


b. A-A = 
A-A 

ran WA Y, G= 
SEE 

d DETAIL “A” 
oan 3/4 

e. Lu FW = 
FW 2 

uM M= 


18. In question 17a, identify the kind of material 
represented by the section lines. 


19. Explain the significance of each element shown 
in the following welding symbols a. and b. 


Q2@QOO® OQ 
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@SoOeooeo 


20. a. Explain the abbreviation “CJP” 


b. Where is it usually located on the welding 
symbol? 


21. a. Explain the abbreviation “R” when used 
with a backing symbol. 


OAQPQQO@MOaQAAOAO® OE 


b. Where is this abbreviation usually found on 


the welding symbol? b. Should the other side weld be made first? 


22. a. Which is the first weld to be made in the 
following welding symbol? 


© 


b. Which is the second weld to be made? 


c. Explain the significance of the broken arrow 
line. 


TYP 


23. Explain the significance of each element shown 
in the following welding symbols in a. and c. 


a. (v) 
OFC 


QDZ@aO@AMDODO®DO 
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0) 26. Prepare a right oblique sketch which illustrates 
the significance of the following weld symbols. 


«) 
© 


24. Identify the dimensions shown on the 
following welding symbol: 


3/16 2-6 
la (A) 27. a. Identify the symbol that has replaced the 


now obsolete corner flange and edge flange 


symbols. 

er b. Using a sketch, show an other side version 
of this symbol. 

©) i c. Cana both sides application of this weld 


symbol be used with a welding symbol? 


25. Explain the significance of the following weld 
symbol. 


i (3) 
NOTE 
NO. 3 


NOTE 
NO. 3: ALL WELDS TO BE V-GROOVE 
WITH FULL PENETRATION 


DRUM DETAIL AND 
BEARING (LARGE) ASSEMBLY PRINTS 


FOR 
Po | SHAFT 172” x 10-178" LONG-CRS CABLE DRUM 


CABLE DRUM 


fervi______JORDERNO.101__[sPEC 


SCALE 5/8" = 1" MATL SEE DETAILS 
DRAWN BY: L. GRADY DATE: 


DRAWING NO. TOLERANCE 


COMPANY NAME 


al 
iw 
0) 
= 
cal 
= 
® 

TG 
a; 
= 
el 
a 
© 
2 
Q. 
= 

@ 
o 
= 
5 
Q. 
Me 
wv 


@ 375 DRILL : 
THRU 2HOLES | SUPPORT 1}' STO BI PIPE 
" 5 had 
3 STO. : 
4" STD. B.I. PIPE B.I. PIPE 
¢@ 500 DRILL 
THRU 


ALL FILLET 


4 
SUPPORT WELOS |, 
BRACKET Tose + 


CABLE DRUM DETAILS 


QTY 1 EACH PER ORDER NO. MATL CRS 


ASSEMBLY _[scALe 5/8"= 1" | SPEC 
DRAWN BY: L. GRADY DATE: (C) SMALL BEARING 
DRAWING NO. 44 TOLERANCE 


COMPANY NAME ’ 


EDITOR’S NOTE: REDUCED PRINT. FOLLOW STATED DIMENSIONS ONLY. NOT TO BE SCALED. 
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UNIT 10: REVIEW B 


Refer to the drawing, Cable Drum, page 136. 


1. Explain the significance of the different 7. Determine the approximate total lengths of 


welding symbols found in the details for parts welds for parts (A). ®). and ©). 


,@), and ©). 
° @) 


@) 
© 


© OO  — 8. What is the total length of 14” pipe required 


? 
2. Explain the significance of the welding symbols for making the Cable Drum: 


found in the assembly print. 


9. State whether line (H) (in part (®)) represents 
a vertical or horizontal surface in the view 
shown in the lower part of the print. 


3. Why has a tail been omitted on many of the 
welding symbols found on these prints? 


10. Name the views used to show parts (A) and ®). 


4. What is the inside diameter of the pipe for part 11. Refer to the detail for part © and answer the 


(A)? (Note: Refer to Appendix 3.) following questions. 
a. What surface in the front view represents 


(A) line «)? 


5. What are the dimensions for the following 
distances in the detail prints? b. What surface in the front view represents 


line ‘OF: 


@ 


12. With a simple sketch, show the significance of 
the note that indicates the size of the fillet 


welds for part ®). 


13. Give the approximate overall sizes for the 
© ee support brackets used in fabricating parts 


and ©). 


6. What is the overall length of the assembled unit? 


© 


4138 u Blueprint Reading for Welders ; 


14. What material is specified for part (D)? NOTES: 
1. Refer to Appendix 9 to answer 17b, or use 


the following formula: 
15. How is the shaft fastened to the large drum? Diameter of a circle X 3.1416 or 2% equals 
its circumference. 


16. How many support brackets are required for 2. The constants 3.1416 and 7% are indicated 
the large bearing? by the Greek letter 7 or Pi. 
Examples: 
A diameter (@) of 2" X mz equals a circumfer- 
17. a. What weld is specified for fastening the end ence of 6.2832 (decimal fraction). 


ine? 
plates to the BI pipe: A diameter of 4" X Pi equals a circumference 


of 12 4" (common fraction). 


b. How many inches of weld is required for 
each? 
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SUMMARY REVIEW NO. 2A 


10. 


11. 


Le 


Refer to the drawing, Hot Water Tank, page 140. 


. How thick is the bottom head? 

. How thick is the material used in the stack? 

. How thick is the skin of the tank? 

. What is the diameter and length of stud (D) 


. What size and how many screw holes are used 


around hole (1)? 


. What are distances ) and (H)? 


. Approximately how many inches and what 


type of weld are required to join the stack to 
the head at the top of the tank? (Give answer 
within 4”.) 


. What type of weld is required at point GQ)? 


. What type of weld is used to join the hold- 


down lugs to the tank? 


How many hold-down lugs are needed for this 
order? 


a. Do all these lugs require the same type of 
weld? 


b. Explain your answer. 


What is the angle of G)? 


13. 


ey 


15. 


16. 


17. 


18. 


19. 


ZA. 


What is the distance from the top of the top 
head to the bottom of the bottom head? 


What are the dimensions of (A) and (E)? 


® 
©) 


What is the distance from the bottom of the 
water-holding tank to the bottom of the hold- 
down lugs? 


How many degrees apart on center are the hold- 
down lugs? 


What types of welds are required to join the 
stack to the bottom of the head? 


What is the inside diameter of the tank? 


Make a list of materials required for the 
fabrication of the tank (list all sizes). 


Bill of Materials 


. What is the approximate combined length of 


all welds required on the tank? (Do not include 
welds on flanges, lugs, and studs.) 


What does /. &) measure in degrees? 


TYP 


1 
: ERS 4 
2 PLACES NOTE: CROSS MEMBERS 4 


EVENLY SPACED 


2 PLACES 2 PLACES 


ALL ANGLES a x iz ve 
2 2 4 


@ .625,2 HOLES DRILLTHRU 


DETAIL B 


TO FIT HITCH 


ssapjop 40} Bulppay julidanig = SOL 


DETAIL B 


ns 


SCALE: 


NOTE: ALL MEMBERS TO BE WELDING AS 
INDICATED WHERE A WELDING SYMBOL 
IS NOT SHOWN FOR A JOINT. REFER TO 
A LIKE COMPONENT FOR DETERMINING 
THE WELD. 


DETAILA 
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SUMMARY REVIEW NO. 2B 


10. 


Graph paper is provided at the end of this review for your use. 


Refer to the drawing, Chassis for Utility Trailer, page 142. 


. Name the principal views used to show the 


object. 


. Why is this particular arrangement of views 


used? 


. What system of dimensioning is used? 


. List the structural metal shapes required for 


making the object. 


. Give the overall length sizes for the following 


parts: 


Cy 
© 
© 


. Give a reason for showing details A and B on 


the print. 


. What operation is performed on the end of the 


pipe that has been cut out? 


. Why are long break lines used on the principal 


views? 


. Sketch the kinds of break lines that are 


used. 


Sketch a conventional break symbol that is 
used on the print. 


©@ 
© 
© 


11. 


2, 
13. 
[4 


15. 


16. 


lie 


13; 


19, 


20, 


21; 


22, 


Should this print be identified as an assembly, 
or should it be identified as a detail? Give an 
explanation for your answer. 


Sketch the weld symbol that applies to joint (yY). 
Sketch the weld symbol that applies to joint (X). 


What are the location dimensions for the 
drilled holes? 


Why is the 6’-8” dimension given in feet and 
inches rather than as 80”? 


Give the dimensions for the following distances: 
@_® 
EE ———— 
oO) @ 


Give the diagonal dimension that can be used for 
checking the squareness of the rectangular frame. 
The check is to be made from its outer corners. 


Sketch the different welding symbols shown on 
the print and give the significance of each. 


What is the significance of the abbreviation “TYP”? 


What material is specified for the pipe component 
of the chassis? 


Identify the pipe component by letter. 


a. How many detail drawings are shown on the 
print? 


b. Identify them by letter. 
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UNIT 


Basic Joints for 


BASIC JOINTS 


Weldment Fabrications 


The basic joints used for weldment fabrications are: butt, corner, tee, lap, and edge, Figure 11.1. Combinations 


of these joints are also used. 


For each type of joint, a number of different welds may be applied, Figure 11.1. The selection of the 
weld is based on a number of factors, including the thickness and kind of material to be welded, the 


ARROW SIDE OF JOINT 


TYP 


OTHER SIDE 
OF JOINT 


APPLICABLE WELDS 


IL SQUARE GROOVE 


YC FLARE V-GROOVE 
\Z_ v-croove 


Y BEVEL GROOVE 


af U-GROOVE 


v J-GROOVE 


_|C FLARE BEVEL GROOVE 


bi BRAZE 


*IDENTIFIED BY PROCESS REFERENCE IN TAIL OF WELDING SYMBOL 


(a) BUTT JOINT 


OTHER SIDE 
OF JOINT 


ARROW SIDE 


OF JOINT 
AW 


ARROW SIDE 
OF JOINT 
OTHER SIDE 
OF JOINT 
STD. 
APPLICABLE WELDS 
Ko FILLET Ic FLARE BEVEL GROOVE 
th SQUARE GROOVE QO. SPOT 
\Z. v-GrRoove QO. PROJECTION 


. SEAM 


* _ BRAZE 


Ww BEVEL GROOVE 


Bis U-GROOVE 


V J-GROOVE 


Y FLARE V-GROOVE 


* IDENTIFIED BY PROCESS REFERENCE IN TAIL OF WELDING SYMBOL 


(b) CORNER JOINT 


APPLICABLE WELDS 


JS. FILLET pp J-GROOVE 
{1 pLuc _!C€ FLARE BEVEL GROOVE 
I]. stor ay SPOT 


aie SQUARE GROOVE AD PROJECTION 
Vv BEVEL GROOVE E=s SEAM 


* IDENTIFIED BY PROCESS = 
REFERENCE IN TAIL OF 
WELDING SYMBOL 


BRAZE 


(c) T-JOINT 


FIGURE 11.1 m Basic types of joints. (continued) 
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OTHER SIDE 
OF JOINT 


APPLICABLE WELDS 


—K Fictet 2 J-GROOVE 

9f"1 PLUG _ IC FLARE BEVEL GROOVE 
_f1 stot O SPOT 

_VZ. BEVEL GROOVE Oo PROJECTION 


—: SEAM 


*INDICATED BY PROCESS 


DETAIL ARROW SIDE REFERENCE IN TAIL OF " 
“AU OF JOINT WELDING SYMBOL. : BRAZE 
(d) LAP JOINT 
ARROW SIDE APPLICABLE WELDS 


OF JOINT 


La 0-30° 


aH. SQUARE GROOVE =: SEAM 


Vv BEVEL GROOVE _ii EDGE * 


es . V-GROOVE 


Fs U-GROOVE 
a J-GROOVE 


"SQUARE GROOVE SYMBOL IS APPLIED TO INDICATE EDGE WELD. 


fe} EDGE JOINT 


FIGURE 11.1 m Basic types of joints. (concluded) 


strength required, the kind of finish desired, and the location of the weld in terms of accessibility for 
making the weld. As shown in the figure, the weld symbol applied to each of the joints may have an arrow 
side, other side, or both sides significance. Note that metal shapes other than plate may be used in fabri- 


cating these joints, Figure 11.4. 


The members of the joints to be welded may be formed to a particular shape in preparation for the weld, 
Figure 11.2(a) through Figure 11.2(d). This is done to increase the strength of the joint and to improve the 


appearance of the weldment. 


oe 
yK 8 


DOUBLE BEVEL 
GROOVE 


---6--- So 
a ae «GE 


BEVEL GROOVE WITH DOUBLE BEVEL 
BACKING STRIP GROOVE WITH 
SPACER 


---PpS--- 
a: 


V-GROOVE WITH 
BACKING STRIP 


= — =e 
a - i ae ee eS a Se 


noe _ 


ae es: 


SQUARE GROOVE 


jog 
5 UL’ 8 


BEVEL GROOVE 
WITH SPACER 


a ee 
SN Aa a Om: 


DOUBLE V-GROOVE 


BEVEL GROOVE 


V-GROOVE 


DOUBLE V-GROOVE J-GROOVE DOUBLE 
WITH SPACER J-GROOVE 
J-GROOVE WITH J-GROOVE WITH U-GROOVE 


SPACER BACKING STRIP 


U-GROOVE U-GROOVE WITH DOUBLE DOUBLE 
WITH SPACER CONSUMABLE U-GROOVE U-GROOVE 
INSERT WITH SPACER 


FIGURE 1 1.2(a) m Types of preparation for butt joints. 


-TT- 


SQUARE GROOVE BEVEL DOUBLE BEVEL J-GROOVE 
(FLUSH GROOVE GROOVE 
CORNER) 
BEVEL GROOVE DOUBLE BEVEL J-GROOVE DOUBLE 
WITH SPACER GROOVEWITH WITH SPACER J-GROOVE 
SPACER WITH SPACER 


-+4- cyl gs 


BEVEL GROOVE J-GROOVE J-GROOVE 
WITH BACKING WITH BACKING 
MATERIAL STRIP 
Pe. ae = a - i 
U-GROOVE FULL OPEN HALF OPEN V-GROOVE 
CORNER CORNER 


*SYMBOL IS NOT USED TO DESCRIBE THE PREPARATION OF THESE 
JOINTS, BUT SYMBOL CAN BE USED TO DESCRIBE THE TYPE OF WELD 


FIGURE 1 1 .2(b) m Types of preparation for a corer joint. 
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TTT 


SQUARE BEVEL DOUBLE J-GROOVE 
BEVEL 
PROJECTION 
DOUBLE BEVEL GROOVE DOUBLE BEVEL 
J-GROOVE WITH SPACER GROOVE WITH 
SPACER 


Au. An 
=e TH Te Ef | 


J-GROOVE WITH DOUBLE V-GROOVE PLUG SLOT 
SPACER J-GROOVE WITH SPACER 
WITH SPACER 


FIGURE 11.2(d) m Some types of preparation for a 
FIGURE 11.2(c) m Types of preparation for a T-joint. lap joint. 


OTHER KINDS OF JOINTS 


In addition to the basic joints, there is an assortment of other joints for special purposes, Figure | 1.3. Corner 
flange and edge flange joints are used for light metals. The flare bevel and flare V-groove joints are used in 
weldments of heavier gage materials where one or two of the members have a curved shape. The scarf joint is 


used for brazed weldments. 


EDGE EDGE I] 


1 


(APPLIED (APPLIED FLARE BEVEL 
FLANGE JOINT) BUTT JOINT) 


> L$ 


aes ia 
TX 
FLARE V- por 
GROOVE 


(BRAZED JOINT) 


FIGURE 11.3 m Other types of joints. 


JOINTS COMMONLY USED 
WITH STRUCTURAL SHAPES 


Many methods can be used to assemble structural members to forma joint. There are also many different weld 
and groove designs that may be used with these structural members. The design of the weld and/or the groove 
is usually the function of the designer. Standard welding symbols are used to indicate the welds required. 
Weldments may be fabricated using only one type of structural shape or combinations of different structural 
shapes. Figure 11.4 illustrates a few methods of joining similar and dissimilar structural shapes. 
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aga week SS FF 


(a) ANGLE TO ANGLE (EQUAL (b) ANGLE TO ANGLE (UNEQUAL (c) ANGLE TO “‘I’’ OR “H" BEAM (d) ANGLE TO mye 
SIZES FITTED TO FORM SIZES FITTED TO FORM 90° (EQUAL SIZES FITTED) OR "‘H"” BEAM 
90° ANGLE) ANGLE) (UNEQUAL 

SIZES FITTED) 
(e) ANGLE TO CHANNEL (EQUAL SIZES FITTED) (f) ANGLE TO CHANNEL (UNEQUAL SIZES FITTED) 
(g) CHANNEL TO CHANNEL (h) CHANNEL TO CHANNEL (i) CHANNEL TO “Il” OR “H" 
(EQUAL SIZES FITTED) (UNEQUAL SIZES FITTED) BEAM (EQUAL SIZES FITTED) 


NOTE: THE CONFIGURATIONS SHOWN REPRESENT 
ONLY A PORTION OF THE TOTAL NUMBER 
OF WAYS IN WHICH VARIOUS STRUCTURAL 


SHAPES CAN BE FITTED TO MEET DESIGN j) “I” OR “H” BEAM TO BEAM OF OR “H” BEAM TO “I” OR “H” 
REQUIREMENTS. Sue TYPE (EQUAL SIZES FITTED) ae (UNEQUAL SIZES FITTED) 


FIGURE 1 1.4 m Joining of similar and dissimilar structural shapes. 


45° THICKNESS OF LEG 22.5° J 67.5° 


CUT OUT 45° 135° 


(b) 


LINE OF CUT 


AFTER BENDING 
TO 90° 


(a) 


THIS LEG MAY BE HEATED IF NECESSARY 


\E OUT NOTE: THIS 


METHOD MAY 
BE USED WHEN 
A FULL RADIUS 
IS REQUIRED 
AT AN OUTSIDE 
CORNER. 


; AFTER 
_ 29 BENDING 
TO 90° 

(c) 


FIGURE | 1.5 m Fabricating joints by cutting and bending. 


Joints for structural shapes may also be formed by cutting and bending the members, Figure 11.5. In cer- 
tain cases, this procedure may be more economical, since less cutting and welding are required. Although the 
examples shown are for an angle bar, the same principles apply to other structural shapes. 

When a grooved joint is required on heavy structural shapes, it may be possible to provide for a groove without 
formal preparation of the joint members. The angle and T-bar joints shown in Figure | 1.6 illustrate this point. 
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OPEN CORNER 


NOTE: THIS JOINT 
MAY BE GROOVED 


FIGURE 11.6(a) m Forming a joint with angles. There 
is no formal preparation of either 
member. 


OPEN CORNER 


NOTE: THIS JOINT 
MAY BE GROOVED 


(b) 


FIGURE 11.6(b) m Forming a joint with T-bars. There is no 
formal preparation of either member. FIGURE 11.7(a, 6) m Forming bevel groove joints. 


JOINT FITUP 


The design of the structure may require a joint spacing or root opening (gap) between members being welded. 
This is indicated by welding symbols or notes on the print. Spacing as required must ensure that the overall 
dimensions are maintained. For example, consider the joining of two lengths of structural shapes with a '6” 
root opening to provide a specific overall length, as illustrated in Figure 11.7. In Figure 11.7(a), the 6-foot 
dimension must be maintained. Thus, the combined lengths of both members must be 6 feet minus %”, or 
5’-11%” to give a finished length of 6 feet. In Figure 11.7(b), a bevel groove joint is required at the top and 
bottom of the channel. The length of channel required is 5’-8” minus the combined size of the “H” beams 
located at the top and bottom, minus the root gap dimension required at the top and bottom. Therefore, the 
length of channel required is: 
5-8” — 12” = 4'-8" — A = 4-TH" 
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UNIT 11: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. Sketch the joint preparation indicated by the SEE 
following welding symbols: le 
NOTE: WELDS ON BOTH SIDES 
| © 
IN 


OTE: WELD ON ARROW SIDE 


TYP 


N 
(3) 


QO 
Zn 
Om 
m 


NOTE: WELDS ON BOTH SIDES 


(4) 


TYP 


SEE 
NOTE 


(5) 


ia) 
a 
Sm 
4m 
m 


NOTE: ALL JOINTS WELDED ON BOTH SIDES 


2. a. Add an appropriate weld symbol to each 
of the following sketches. All members are 
heavy-gage metal. Assume that there is no 
joint preparation other than what is shown 
on each sketch. 


b. Identify each weld symbol used. 


SEE 
NOTE 
4) 
NOTE: WELD ON 
ARROW SIDE 


(1) (2) (6) 
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3. a. Identify the joints shown in the following 
sketch by placing the identification next to 
the arrowhead. 


b. Identify the weld(s) that would be applied to 


each joint. List the joint, then the applicable 
weld(s). 


5. a. What is the length of the channel that 
is required in fabricating the following 
assembly? 


. Prepare a three-view orthographic sketch 
with dimensions (top, front, and right side 
views) of the assembly. 


c. Include a detailed drawing to show the joint 
preparation required. 


4. a. Identify the joints formed in the assembly of d. What is the significance of the break in the 
the following structural shapes. welding symbol arrow line? 


b. Explain the significance of the welding 
symbol shown. 


e. What is the significance of the letter “C” in 
the dimension C” X 18.75? 
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Fillet Welds 


The fillet weld, identified by the symbol NG is one of the most widely used types of welds. This symbol is 
always drawn so that the vertical leg is to the reader's left, Figure 12.1. 


SIZE OF THE LEGS 


The size of a fillet weld refers to the length of the legs of the weld. The two legs are assumed to be equal in size 
unless otherwise specified. This size is shown to the left of the weld symbol, Figure 12.2. Ifa fillet is shown 
on both sides of the joint, it is identified as a double fillet weld. The size of the legs is indicated for each fillet 
weld as shown in Figure 12.3 and Figure 12.4. 

Fillet welds may have unequal legs. In this case, the size of each leg is indicated in parentheses at the left of 
the weld symbol, Figure 12.5. Since the symbol does not specify which dimension belongs to which leg, this 
information must be detailed on the drawing. 

When a general note covers the size of fillet welds, the dimension does not usually appear on the welding 
symbol. An example of a note of this type is: “Unless otherwise indicated, all fillet welds are 7%” in size.” 


1 
VERTICAL LEG ON VERTICAL LEG ON 2 
LEFT-HAND SIDE LEFT-HAND SIDE 
Na XA + LEG 
CORRECT INCORRECT CORRECT INCORRECT SYMBOL SIGNIFICANCE 
FIGURE 12.1 m Fillet weld symbol. FIGURE 12.2 m Fillet weld size. 
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J LEG z Wese ae ce 
SYMBOL SIGNIFICANCE SYMBOL Sc CRIRIGANGE” 
FIGURE 12.3 m Double fillet weld. FIGURE 12.4 m Double fillet welds of different sizes. 
ice 
PLATE “A” 
(4X3 
a a 
q LEG 4 “LEG (PLATE “B”) 


NOTE: 1/4’ LEG ON PLATE “A” PLATE ‘A”’) 
1/2" LEG ON PLATE “B” 


SYMBOL SIGNIFICANCE 


FIGURE 12.5 m Fillet welds with unequal legs. 
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7 6" 24 


SYMBOL SIGNIFICANCE 


FIGURE 12.6 m Length of fillet weld. 


Jey I 


SYMBOL SIGNIFICANCE 
FIGURE 12.7 m Length of fillet weld specified by 
standard dimensioning practice. FIGURE 12.8 m Continuous fillet weld. 
WELD- 
ALL- 
AROUND 
SYMBOL SIGNIFICANCE 


FIGURE 12.9 m Weld-all-around symbol. 


LENGTH OF FILLET WELDS 


If the length of the weld is specified, it is placed on the immediate right of the weld symbol, Figure 12.6. 

In addition, specific lengths of fillet welds can be described by placing the symbols in conjunction with the 
dimension lines of the drawing, Figure 12.7. Note that continuous welds are called for in each of the 5’-0” 
dimensions. 

When a length is not specified on the welding symbol, the fillet weld is assumed to be continuous, Figure 12.8. 

In a similar manner, when the weld-all-around symbol is used, a length dimension is not needed, Figure 12.9. 


DETERMINING THE EXTENT OF WELDING 


When fillet welds are not welded all around, or are not continuous, the extent of the welding can be shown 
by one of two methods. The first method shows the extent of welding graphically by the use of section lining, 
or some other similar definite indication, Figure 12.10. Extension lines are used as terminal points for the 
section lining; dimension lines with dimensions are included. 

A second method makes use of multiple arrows to point out the sections to be welded. An arrow for each 
section is applied, Figure 12.11. In this case, dimensions are not used. It is assumed that each section is welded 
to the extent that it touches the other member of the joint. This method is used principally when it is awkward 
to dimension the drawing. 
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a 


FIGURE 12.10 m Section lining denoting the 
extent of the welds. 


SIGNIFICANCE 


SYMBOL 


FIGURE 12.11 m Using multiple arrows to indicate the 
extent of welds. 


PITCH AND INTERMITTENT WELDING 


Intermittent welding consists of a series of short welds. Each short weld is called an increment (represents 
length of weld). The center-to-center distance, in inches or millimeters of each increment, is the pitch. The 


pitch is shown on the welding symbol to the 
immediate right of the length of increment 
dimension, Figure 12.12. Note that if addi- 
tional welds are required at the ends of the 
joint, they are specified by separate symbols 
and dimensions. Otherwise, the unwelded 
length should not exceed that length speci- 
fied by the symbol. 

Chain intermittent welding means that the 
welds appear directly opposite each other on 
the two sides of the joint, Figure 12.13. Stag- 
gered intermittent welds are those that are not 
directly opposite one another, Figure 12.14. 
Notice that when the welds are staggered, the 
welding symbols above and below the refer- 
ence line are not aligned with each other. 

Continuous and chain or staggered intermit- 
tent welding are often used together in a weld- 
ment, Figure 12.15. 

When making such a combination, weld 
space should be left between the end of the 
continuous weld and the beginning of the 
first intermittent weld. This space is equal to 
the pitch minus the length of one increment. 
Therefore, in Figure 12.15, the space equals 5” 
minus 2” = 3”. 

The length of the increment is extended to 
terminate the weld at the end of the joint when 
the length of the joint extends beyond the 
specified length of the increment. The same 
applies to staggered intermittent welds. 

Note the 4” dimension between the contin- 
uous weld and the center of the first intermit- 
tent weld. This dimension minus half of the 
length of the first 2” increment (or 1”) gives 
the 3” space previously determined. 


CENTERLINES (¢) OF 
WELDS 


ee LOCATE WELDS 
AT END OF —_£ 
JOINT 2 
—2" 
\ enor 
(INCREMENT 
SYMBOL SIGNIFICANCE 


FIGURE 12.12 m Length and pitch of increments of intermittent 
welding. 


LOCATE WELDS AT ENDS OF JOINTS 


SYMBOL SIGNIFICANCE 


FIGURE 12.13 m Chain intermittent welding. 


LOCATE WELDS AT ENDS OF JOINT 
3" 


SIGNIFICANCE 


SYMBOL 


FIGURE 12.14 m Staggered intermittent welding 
symmetrically spaced (unless 
otherwise noted). 
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SYMBOL 


SIGNIFICANCE 


SIGNIFICANCE 


FIGURE | 2.15 = Combined chain intermittent and continuous FIGURE 12.16 m Use of extension and 
welding. dimension lines to locate 
and specify length of welds. 


Extension and dimension lines are occasionally used with the welding symbol to locate the desired welds, 
Figure 12.16. Note that the arrows of the welding symbols point to the dimension lines rather than to surfaces. 


CONTOUR AND FINISHING 


Finish and contour indications are added to the weld symbols as required, Figure 12.17. 
> >. 
Pr r= 
(a) FLAT CONTOUR 
G c H 
ys —fi _ sy / 
f WY, Ac 
(b) CONVEX CONTOUR BY GRINDING (G), MACHINING (Wi), CHIPPING (©), 


ROLLING A) 


we 
~ iS A 4 
4 V4, Ze As ~ 
(c) FLAT CONTOUR BY GRINDING, MACHINING, CHIPPING, ROLLING, AND PLANISHING 
NOTE THAT THE LETTER “WU,” WHICH SIGNIFIES “UNSPECIFIED,” MAY 


ALSO BE APPLIED TO THE CONTOUR SYMBOLS, THUS PERMITTING 


FIGURE 12.17 m@ Finish and contour specifications on filletweld symbol. 


USE OF FILLET WELD IN COMBINATION 
WITH OTHER SYMBOLS 


The fillet weld symbol may be used in combination with 


other symbols, Figure 12.18. This is also true of many of the 
other weld symbols. Figure 12.18(a) shows the application 


of the fillet weld on the opposite (other) side of a square (a) (b) 
groove weld. Figure 12.18(b) shows the application of a FIGURE 12. ] 8(a, b) mee cre ble weld 
fillet weld on the same side following the completion of a symbol in combination 


square groove weld. with other symbols. 
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In summary, the fillet weld symbol may include: 
a. Arrow side, other side, or both sides indication 


ya 


b. Size of legs 


d. Extent of weld 
Aw 
a 


e. Increment of welds and pitch 


2-4 ya he-s/ Se Va 
3-5 2-5 


f. Location of weld 


a, ERX, 


(WELDS ARE LOCATED ALONG 
THE ENTIRE JOINT) 


g. Contour 


Na Ne aT. 


h. Contour and finish. Finish may be unspecified by using the letter “U”. 


{/@ —-SYY _NY S/S VF; /_ W 


i. Other symbols in combination with the fillet weld symbol 


ft 
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UNIT 12: REVIEW A 


Graph paper is provided at the end of this review for your use. 


1. Apply the appropriate welding symbol(s) to 
each of the orthographic views to indicate the 
welds shown in the pictorial representations 
(a) through (d). 


a. b. b. 5 =f 
16 
1 
SIGNIFICANCE TOP VIEW SIGNIFICANCE FRONT VIEW 
€, g d. j 
SIGNIFICANCE FRONT VIEW SIGNIFICANCE «© FRONT VIEW C. 
ios P 
sXaIN\ 
2. When is the size of fillet welds not included in (2 a) ‘ ra — 
the welding symbol? 


3. Sketch a symbol that indicates the following weld. 6. Why are fillet welds with unequal legs detailed? 


FILLET WELD- 


ALL-AROUND 7. Refer to the orthographic drawings (a) through 


(d). Sketch and dimension the welds required 
on the pictorial drawings shown with each. 


a. . 
ee b. +26 
5. List all information given in the following — J | 
symbols: 


1 U 
IN 


4. Give two situations when the length is not 
dimensioned on the welding symbol. 
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ale 


8. Sketch how the weld would appear as specified 
in question 7a. Use a top view to illustrate this. 


9. Sketch how the welds would appear as 
specified in question 7c. Use a top view to 
illustrate this. 


10. Refer to illustrations (a) through (g) as follow 
and complete how the weld would appear in 
the adjacent illustrations. Include dimensions. 


de 


.250 VY 3.0 — 50 
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UNIT 12: REVIEW B 


Refer to the drawing, Bracket, below. 


1. Explain fully the meaning of each of the welding © 
symbols used on the drawing. 


@®) 


2. How far apart (in degrees) are the equally 
spaced drilled holes? 


3. Interpret the dimension 3" XS BI Pipe. 
4. How many parts does this bracket consist of? 


5. What plate size is used? 


(D) 6. What type of section is represented by section 
A-A? 


@.250 DRILL THRU 
SIX HOLES 
EQUALLY SPACED 


CYLINDRICAL 
PLATE 


3” XS BI 
PIPE 


AS 


4 


BRACKET 


10. 
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. Why is this particular section shown? 


. a. How is the 3" pipe fastened to the cylindrical 


plate? 


b. How is the 4" pipe fastened to the 3" pipe? 


. What is the significance of “six holes ES”? 


In what order should this bracket be assembled 
and welded? Give reason(s) for the order 
selected. 


11. 


2, 


ites 


14. 


How many drilled holes will these parts 
contain before welding is performed? 


What hole size is required for the %” std. pipe? 
(Refer to Appendix 4.) 


What hole size(s) are missing on the drawing? 


On the pictorial drawing below, show the welds 
called for on the drawing and identify each weld. 
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UNIT 12: REVIEW C 


Refer to the drawing, Motor Adaptor Bracket, page 166. 


1. What is the spacing of the holes on the B.C.? 10. How many inches of weld are indicated by the 
welding symbol shown in view Z? 


2. Identify the views shown on the drawing. 


11. How many inches of weld are indicated by the 
symbol shown in view X? 


3. What is the significance of the He diameter 


dimension? 
12. a. How many reference dimensions are shown 
on the drawing? 
4. a. Note that view Y is incomplete. Sketch in b. Give the purpose of a reference dimension. 


the line(s) that are missing. 


b. Identify the types of line(s) that are missing. 


_ 13. List a general note found on the drawing. 
5. View X is incomplete. Sketch in the lines that 


are missing. What do these lines represent? 


14. a. What is the maximum allowable size for 
dimension 7.53? 


6. View Z is incomplete. Sketch in the missing 


lines. What do these lines represent? b. What is the minimum allowable size? 


15. a. What is the maximum allowable size for 
dimension 1.6”? 


7. What element is missing in the both sides 


welding symbol shown in view X? 
b. What is the minimum allowable size? 


16. a. What is the maximum allowable size for 


8. How many separate welds are to be made as dimension 4.760? 


indicated in view X? 
b. What is the minimum allowable size? 


9. What kind and size welds are to be used for 
welding the 4” X 2/4” steel bars? 


17. What do the dimensions 3% and 1% represent? 
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18. What is the significance of the sectioning shown 22. Prepare a bill of materials for the Motor 
in view Z? Adaptor Bracket. 
Bill of Materials 


19. How many drilled holes are required? i 


20. What is the angle dimension for fF)? 


23. a. What surface finishes are specified for the 


welds in view X? 
21. Give the dimensions for the following: 


b. What methods of finish are specified to 
make these finishes? 


24. a. List the location dimensions for the drilled 
holes shown in view Z. 


™7@QOO®®O 


b. How deep are the holes to be drilled? 


Groove Welds 


GROOVE WELD 


The eight types of groove welds are shown by symbols that indicate how the members are to be prepared and 
welded, Figure 13.1. In the J- and bevel groove welds, only one of the two members is chamfered or beveled. 
To indicate the member to be prepared for these welds, the arrow breaks toward that member, Figure 13.2(a) 


and Figure 13.2(b). 


The weld symbol is placed on the reference line in accordance with the usual arrow side, other side 


significance. 


DEPTH OF GROOVE PREPARATION 


The dimension for the depth of the groove is placed to the immediate left of the weld symbol, and on the same 


side of the reference line as the symbol. 


In Figure 13.3(a), a V-groove weld is shown without a dimension. Therefore, the size or depth of the weld 


is assumed to be equal to the thickness of the pieces. 


SQUARE 


FLARE V 


FLARE BEVEL oad 
*SCARF 
*USED WITH BRAZED JOINTS ONLY 


FIGURE 13.1 m Grove weld symbols and joints. 


DHHUDL 


ARROWS SHOWN UPPER MEMBER 
WITH BREAK GROOVED ON 


| : | ARROW SIDE 


LEFT SIDE VIEW FRONT VIEW 


(a) ARROW SIDE J-GROOVE WELDING SYMBOL 


UPPER MEMBER 
GROOVED ON 
OTHER SIDE 


LEFT SIDE VIEW FRONT VIEW 


(b) OTHER SIDE J-GROOVE WELDING SYMBOL 


UPPER MEMBER 
GROOVED ON 
BOTH SIDES 


LEFT SIDE VIEW FRONT VIEW 


(c) BOTH SIDES J-GROOVE WELDING SYMBOL 


FIGURE 13.2 m J-groove weld. 
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Figure 13.3(b) shows a #” V-groove weld. 
The depth of the groove indicated by the 
dimension placed to the left of the symbol 
signifies that each member is to be pre- 
pared prior to welding with a bevel having a 
*” depth. 

Figure 13.3(c) shows the proper posi- 
tion of the dimension for the groove size 
when dimensioning double groove welds. 
The dimensions are located to the left of the 
symbols as shown. 

Figures 13.3(c) and (d) show the correct 
procedure for applying included angles to a 
welding symbol. Note that the dimensions 
are placed to the left of the weld symbol 
and the angle notation is placed above and 
below the symbol even when the angles are 
the same. 

Figure 13.3(e) shows a dimensioned 
U-groove weld, which is to be made on the 
other side of the joint. Again, the dimension 
refers to the depth of the groove. 

In Figure 13.3(f), the dimensioning of 
a double bevel weld is shown where both 
welds are not the same size. On the arrow 
side of the joint, the size is 6”; the other side 
size is 4”. Note the direction in which the 
arrow breaks to indicate which member is to 
be grooved. 


GROOVE WELD 
SIZE 


The groove weld size is the depth of the 
material actually included and fused in the 
weld, Figure 13.4(a). 

If the weld is to have partial penetration, 
the dimension of both the groove size and the 
groove weld size should be given. The weld- 
ing symbol shows these two dimensions to 
the left of the weld symbol, Figure 13.4(b). 
They are shown as: depth of preparation (S) 
and groove weld size. 

In some cases the groove weld size may be 
smaller than the groove, Figure 13.4(c) and 


SYMBOL SIGNIFICANCE 


au 
. b 
6 ° 
4 60 
3 fe) 
4a “60 
Cc. 
1 ‘ 
5 \60 
z 45° 
2 d. 


NO 
[o) 
(2 
Sa 
ee 
N|= 
NO 
SS 
fe) 


eee) 
~_— 
N|— 
—— 
Nh |= 


FIGURE 13.3 m Specifying groove weld sizes. 


Figure 13.4(d). In others, the groove weld size (E) may be equal to the depth of groove (S), Figure 13.4(e). 
To determine the actual placement of the weld bead, specific instructions must be followed. 

The groove weld size (E) dimension may be shown with a weld symbol without necessarily including a 
depth of preparation size (S). Such an application is indicated with a square groove symbol in Figure 13.5. 

Under certain conditions, the groove size or the weld symbol may not be given. When this informa- 
tion is not given, a note is usually included on the drawing to indicate the joint preparation as optional, 
with a complete joint penetration specified. In such cases, the letters “CJP” (complete joint penetra- 
tion) are placed in the tail of the reference line. The welding symbol is then shown as illustrated in 


Figure 13.6. 
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SYMBOL SIGNIFICANCE 1” 


GROOVE 


ali = x - WELD SIZE () ay, _{£. ; 
: : 


be a | SYMBOL SIGNIFICANCE 
C. 1" FIGURE 13.5 @ Use of weld symbol showing groove weld 
7 4 i size only, no joint preparation required. 
a(4 8 8 
4\8 
Oe, a 
a — 


1" DEPTH OF 

8 PENETRATION CJP 
1 (3) uM 
2 \2 | , 2 


e [ [4 > = FIGURE 13.6 m Welding symbol 


showing complete 
FIGURE 13.4 m Groove weld size and joint preparation size. joint penetration. 


LENGTH AND PITCH OF GROOVE WELDS 


The length of a groove weld is specified by placing the dimension to the right of the weld symbol, Figure 13.7. 

The length and pitch (distance between centers) of intermittent welds are specified by placing the dimen- 
sions to the right of the weld symbol and are separated by a hyphen, Figure 13.8. 

The length and pitch of intermittent welds are specified on both sides of a joint as shown in Figure 13.9. 
Note: Intermittent welds are also identified as chain intermittent welds. 

When symbols are offset, the welds are identified as staggered intermittent welds, Figure 13.10. 


an Jf We=10 


8 SIGNIFIES LENGTH OF WELD 6 SIGNIFIES LENGTH OF WELD 


10 SIGNIFIES PITCH OF WELD 
FIGURE 13.7 m Length of weld. 
FIGURE 13.8 m Length and pitch dimensions. 


4-6 
4-6 4-6 
4-6 


SYMBOL SIGNIFICANCE 
SYMBOL SIGNIFICANCE 


FIGURE 13.9 m Intermittent welds on both sides. 
aa taCicll an aad FIGURE 13.10 m Staggered intermittent welds 


on both sides. 


ROOT OPENING OF GROOVE WELDS 


The distance between the joint members at the bottom of the weld is called the root opening, Figure 13.11. 

In many cases, manufacturers have standardized the root openings of groove welds so that they can be 
covered by a general note or specification. For example, “Unless otherwise indicated, root openings for all 
groove welds are %.”.” 
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ROOT 
OPENING 


| ROOT OPENING ZERO aaa aoe 9 
ROOT men 


FIGURE 13.11 m Root opening. 


When specified, the dimension for the root open- 
ing is located inside the weld symbol, Figure 13.12 
and Figure 13.13. Note that for double groove welds 
the root opening need appear only once, Figure 13.12(b) 
and Figure 13.12(c). Note that when a root opening 
dimension is not given, the root opening is zero (0). 
A “0” may be used to indicate this, Figure 13.13(c). 


GROOVE ANGLE 


When the angle formed by the members to be welded 
is given, it is placed inside the weld symbol, Figure 
13.14. If both the groove angle and the root open- 
ing are given, both dimensions should be placed as 
shown in Figure 13.15. 


45° ee 
—_y 
: i 
35” 
SYMBOL ssanip nee 


FIGURE 13.14 m Groove angle designation. 


SYMBOL SIGNIFICANCE 


aA ROOT pr . 


ss 
16 


i" 


ROOT 
OPENING 


4" ROOT 


8 OPENING Ww 


FIGURE 13.12 @ Root opening applied to welding symbols. 


SYMBOL SIGNIFICANCE 
1 
8 
a. 
i 
4 
b. 
O 
C 


FIGURE 13.13 @ Root opening applied to other welding 
symbols. 


GROOVE 

25 ANGLE 
> is) 
2 a 

25 

ROOT 
OPENING 
SYMBOL | PS 


SIGNIFICANCE 
R = standard radius adopted by manufacturer for preparation of members 


FIGURE 13.15 m Groove weld symbol showing use of 


combined dimensions. 
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CONTOUR AND mM \ SZ la 


The standard surface contour and finish symbols are 
added to the groove weld symbols as shown in Figure 


c M 
13.16. Note that when a postweld finish is not speci- \ {i 7 
fied, the contour may be approximate in shape. Also, 2 ~ 


recall that the postweld method of finish is optional 


FLAT OR FLUSH CONTOUR (APPROXIMATE 
FLUSH CONTOUR ACCEPTABLE) 


R 


when the letter “U” (for unspecified) is used with the ee 
contour symbol. It signifies an unspecified method of / 
finish. CONVEX CONTOUR OBTAINED BY POSTWELD GRINDING, CHIPPING, 


HAMMERING, MACHINING, ROLLING, AND PLANISHING 


FIGURE 13.16 @ Application of standard contour and 


GROOVE WELD finish symbols. 
COMBINATIONS 


Groove weld symbols may be used in combination with one another or with other weld symbols, Figure 13.17. 
They are used to indicate a similar or different type of groove weld, or another type of weld, on opposite sides 
of the joint, Figure 13.17(a), (b), and (c). 

Groove welds are also used with other weld symbols to indicate a sequence of welds required on the same 
side of the joint, Figure 13.17(d), and on both sides, Figure 13.17(e). 


SYMBOL SIGNIFICANCE 
; a 4 
N 


INDICATES SIMILAR GROOVE WELDS ON OPPOSITE SIDES OF THE JOINT 


oe 


INDICATES DIFFERENT GROOVE WELDS ON OPPOSITE SIDES OF THE JOINT 
oo BEVEL GROOVE 
A WELD 
% FILLET WELD 
INDICATES A COMBINATION OF A BEVEL GROOVE WELD AND FILLET WELD 


SQUARE GROOVE WELD 
CJP APPLIED FIRST 
THEN FILLET WELD 
d. APPLIED TO REINFORCE 
SQUARE GROOVE WELD 
WITH COMPLETE JOINT 


PENETRATION 


INDICATES SEQUENCE OF WELDS ON SAME SIDE OF JOINT 


INDICATES J-GROOVE WELD AND FILLET WELD ON BOTH SIDES 


FIGURE 13.17 m Groove weld combinations. 
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Figure 13.18 shows a groove weld symbol 
used with welding symbols having multiple 
reference lines. 


BACK GOUGING 
AND ITS 
APPLICATION TO 
GROOVE WELDS 


A joint with a groove weld may include a 
requirement for back gouging. This opera- 
tion is the removal of base and weld metal 
from the other side of a joint that has been 
groove welded. It is performed to ensure 
that there will be complete penetration 
when welded from that side. When back 
gouging is required, it is specified in the tail 
of the arrow with the words “back gouge,” 
Figure 13.19. 


BACKING 

AND SPACER 
MATERIAL 
SYMBOLS 

AND THEIR 
APPLICATION TO 
GROOVE WELDS 


Backing Material Symbol 


Single groove joints may include the addition 
of backing material at the root of a joint for 
the purpose of supporting molten weld metal. 
The backing material may or may not be 
removed following completion of the weld. 
The supplementary “backing material” 
symbol is used with single-groove weld sym- 


INDICATES 2ND OPERATION 
IS A V-GROOVE WELD 


INDICATES 1ST OPERATION 
IS ASQUARE GROOVE WELD 


FIGURE 13.18 @ Use of groove symbols with multiple reference 
line welding symbol. 


3RD OPERATION, U-GROOVE 
WELD (OTHER SIDE) 


2ND OPERATION, GOUGE 
OPPOSITE SIDE OF BEVEL 
GROOVE WELD 

1ST OPERATION, 
BEVEL GROOVE 
WELD (ARROW SIDE) 


1ST OPERATION 
BEVEL GROOVE WELD 


2ND OPERATION 
BACK GOUGE 


3RD OPERATION 
U-GROOVE WELD 


SYMBOL SIGNIFICANCE 


FIGURE 13.19 m Application of back gouging to groove welds. 


SINGLE V-GROOVE 


ff WITH BACKING 


MATERIAL 


SYMBOL 


SINGLE 
V-GROOVE 
WELD 

Va “R” SIGNIFIES 


BACKING MATERIAL TO 
BE REMOVED UPON 
COMPLETION OF 
GROOVE WELD 


SIGNIFICANCE 


FIGURE 13.20 m Application of backing material symbol with a 
V-groove weld symbol. 


bols. The symbol is placed on the side opposite the groove weld symbol, Figure 13.20. If the backing material 
is to be removed following the completion of the groove weld, an “R” notation is used and is located within the 
symbol; otherwise, the backing material may be left in place. 

Note that a tail is always used on the welding symbol when a backing or spacer material is used. A “See 
Note” reference is included in the tail to refer to a note on the drawing for the kind of backing or spacer mate- 
rial to be used and its dimensions, or this information is included in the tail itself. 


Spacer Material Symbol 


A groove weld may include a metal strip or bar inserted at the root of the groove joint. It is used to maintain the 
root opening of a joint, or to bridge members of a joint with an exceptionally wide gap. After the initial weld is 
completed, spacers may be removed by back gouging and the second weld is completed from the opposite side 
or the spacer may become an integral part of the weld. 
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The “spacer material” symbol is used with a single or double groove weld symbol. It modifies the shape of 
the groove weld symbol by the addition of a rectangle within the groove symbol, Figure 13.21. Note that the 
spacer material symbol is shown centered on the reference line. 

Typical applications of the spacer material symbol are shown in Figure 13.22. 


SEE 
NOTE 


NOTE: SAE 20 SPACER MATERIAL 7 y 3 
SPACER WELDED ee 
IN PLACE 
-, COMPLETED 
1ST OPERATION 2ND OPERATION 


SIGNIFICANCE 


Sa wh 


SPACER REMOVED 
BY BACK GOUGING ne SECOND WELD 
3RD OPERATION 4TH OPERATION 


FIGURE 13.21 m Application of spacer material symbol with a 
bevel groove symbol (modified). 


DOUBLE 
BEVEL 

GROOVE 
WELD 


SAE 20 
1 yl 


DOUBLE BEVEL GROOVE 


WITH SPACER ee: 
SPACER 
MATERIAL 
SYMBOL SIGNIFICANCE 
SEE 
SPEC: 41 


DOUBLE V-GROOVE 
WITH SPACER 
1" 1" 


SPEC. #1-3 x 5 SAE 20 
SYMBOL SPACER MATERIAL 
DOUBLE V-GROOVE 
WELD 
og 
a SC 
8 5 SAE 20 


SPACER MATERIAL (INSERTED 
TO MAINTAIN ROOT OPENING) 


SIGNIFICANCE 


FIGURE 13.22 m Applications of spacer material symbol including 
size and kind of spacer material. 
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CONSUMABLE INSERTS AND THEIR 
APPLICATION TO GROOVE WELDS 


Consumable inserts may be used in conjunction with single groove welds. The insert is a filler metal that is fused 
into the root of the joint and becomes a part of the weld. The symbol for indicating a consumable insert is a square 
shape __|_ | _ and is located on the opposite side of the groove weld symbol, Figure 13.23. When an insert is 
specified, a tail is included as part of the welding symbol for inclusion of the class of insert, Figure 13.23. Note 
that consumable inserts are used in critical applications to make complete joint penetration welds from one side 
only. They are usually used in pipe welding. Information on consumable inserts may be found in AWS A5.30, 
published by the American Welding Society. 


CLASS 2 3 
OR 


CLASS 2 


CLASS 2 
CONSUMABLE INSERT FUSED 
AT ROOT OF JOINT 


SYMBOL SIGNIFICANCE 


FIGURE 13.23 m@ Application of consumable insert symbol. 


SEAL WELDS 


Groove welds may be specified as performing a sealing function only, such as when fabricating tanks and other 
metal containers that must be leakproof. When such is the case, a note is included in the tail of the welding 
symbol to specify this requirement, Figure 13.24. Note that a consumable insert may be used in the joint of a 
seal weld. 


JOINT WELDED 


TO PRODUCE 
‘ A SEALED CYLINDER 


SECTION A-A 
SYMBOL SIGNIFICANCE 


NOTE: A GROOVE WELD SYMBOL WITHOUT THE SIZE OF THE WELD 
DIMENSION REQUIRES COMPLETE JOINT PENETRATION (CJP). IF CJP 
IS NOT NECESSARY, THE SIZE OF THE WELD DIMENSION IS 
SPECIFIED TO THE LEFT OF THE WELD SYMBOL. 


FIGURE 13.24 m Application of a note to the welding symbol for 
indicating a seal weld. 
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UNIT 13: REVIEW A 


Graph paper is provided at the end of each review for your use. 


1. Identify the types of groove welds represented 5. Complete sketch A to show the significance of 
by the following illustrations: the weld symbol shown in sketch B. 


a. b. 
1 
GC. d. 
A. B. 
6. a. Mark the member to be grooved with an X 


for the following joint. 


2. Apply the welding symbol to sketch A that 
specifies the weld shown by sketch B. 


1B 


3. Complete sketch A to show the significance 
of the weld symbol in sketch B. 


C 
7. a. Explain the significance of the following 
C welding symbol. 
YT Va 
A B. 


What type of weld is to be made? 
. What is the length of the weld? 
. What is the contour specified? 


. Isa postweld finish required? 


monn os 


Explain your answer to (e). 


4. Add the necessary extension and dimension 
lines (including the dimensions) to sketch 
A to show the significance of 4(%) and 90° 
dimensions shown in sketch B. 


b. Mark the member to be grooved with an X. 


c. Is a postweld finish required? Explain. 


. Show by a sketch the significance of the 
following specification: “Unless otherwise 
indicated, root openings for all V-groove welds 
to be '6”.” 
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9. Complete the following weld symbol to include 13. Refer to illustrations (a) through (i) as follows 
a class 3 consumable insert. Also include what and complete how the weld would appear in 
is required to indicate a seal weld. The size of the adjacent illustrations. Include dimensions. 
the weld is to be &”. 


b. .06 


10. Complete sketch A to show the significance of 
the welding symbol shown in sketch B. 


[| | 


: . a 


11. a. Explain the significance of the following 
weld symbol including the note in the tail. 


uve 
4-2 SEE 
DETAIL “A” 


b. Show by a sketch how the welds will appear. 


12. Complete the following weld symbol to signify 
complete joint penetration with a planished flat 
finish. 


ft 


IN 
al 
|| 
ka) 
3 
© 
> 
© 
> 
se) 
.e) 
x 
© 
al 
= 
2 
=) 


| | See eSOSER SSE SSR EE SASSER ES See see 
Le a = Bea Re ee a Ba Seeeeee 
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UNIT 13: REVIEW B 


Refer to the drawing, Slide Support, below. 


icine 7. What size is dimension «) 
o 2 C BORE 
8 
am 
2 | = 
8. The pictorial sketch of the slide support 


assembly which follows is incorrect. 
a. Make the necessary changes to correct it. 
b. Dimension the sketch. 


c. Sketch the welds called for and identify 
each. 


d. Sketch the joint preparation required by the 
welding. 


SLIDE SUPPORT 


1. Sketch the groove welds specified and show all 
given weld dimensions. 


2. What is the total length of fillet welds called for? 


3. What is the total length of groove welds called C 
for? Ct 
4. What is the root opening of the groove welds? a 


5. What is the contour and postweld finish 
required for the groove welds? 


9. List the location dimensions for the c’ bore hole. 


10. What is the fractional size of the @ . 437 drilled 


6. a. Which member requires joint preparation? oe 
ole? 


b. Sketch how the joint member would appear. 
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UNIT 13: REVIEW C 


1. a. Explain the significance of the following 5. a. Identify the elements shown on the 
welding symbol. following welding symbol. 
H 
pn 
BACK 
GOUGE 
ari BACK 
GOUGE 
b. Sketch how the welds will appear. 
b. Sketch how the welds will 
2. Explain the significance of the following pte yee marr See Se 
welding symbol. 6. a. Explain what is meant by “back gouging.” 


b. Describe where back gouging is indicated on 
the welding symbol. 


3. a. Explain the significance of the following 


welding symbol. 7. a. Identify the elements shown on the following 


welding symbol. 


SEE 
NOTE #1 


b. Sketch the welds required by the symbol 
given in question 7a. 


b. Sketch how the welds will appear. 8. a. Identify the elements applied to the 


following welding symbols. 
4. Explain the significance of each element 


contained in the following welding symbol. 


o/™ 


NO] — 
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b. b. 80° 
BOTH 
SIDES 


a 
eo 
tyt 20 
g X g SAE 


SPACER 
MATERIAL 


90° 
9. Apply the proper elements to the welding ae —Y 


1 
symbol given to specify J-groove welds on “P 
both sides, followed by fillet welds on both 
sides, with postweld machine finished with 
BACKING 


flat contours. 
MATERIAL 


Tod 
3 * 5 SAE20 


TO BE REMOVED 


c. Sketch the weld required by the symbol 
given in question 8a. C. 


11. Apply the welding symbol to the following joint 
members to indicate an other side square groove 


weld with ” root opening having a class 3 
10. Sketch the welding symbol that indicates the consumable insert located on the arrow side. 


joint preparation and other elements required 


for each of the following illustrations. a 
a. 


3 
8 
CLASS 2 
CONSUMABLE 60° 
INSERT 
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UNIT 13: REVIEW D 


Refer to Foldout Drawing 5: Mold Positioner. 


1. Identify the views shown on the mold positioner 


two-page drawing. 


Page 1 


Page 2 


. List the distance dimension for: 

@—_®—_©—_O©-—_®©— 
©—©—_@—_O—_O— 
O©—®—@—____— 


. Interpret the following welding symbols found 
on the drawing: 


po. 
Nt) 
Sle] Sle 
< QW 


z 
os 


los 
o| 


Pe 


La) 
AIR PALS 


ST 
Co] co Cl 


o~—_— 


x 


a ge 
Dlr PRR 
YY 
Bl Rp ad|Re 
QW 


. a. What size and kind of pipe is specified at each 


end of the “Positioner” ? 


b. What is the length of each piece? 


. List the dimensions applicable to the following 


letters, thru , 


O 


@OP*MAOO®DSOS 


N@QOQO0®8 


. List the size dimensions for cutting the rectan- 


gular flame cut hole. 


. a. How many dimensioned square groove welds 


are required? 


b. What is the dimension(s) specified? 
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c. With a sketch, illustrate the significance of W-3 
the dimensions. W.4 


14. a. Sketch the weld specified for the 3” standard 
pipe. 
b. What is the significance of the W-3 shown 
in the tail of the symbol? 


8. Identify where surface finishes are specified. 


9. What is the overlong length of the mold c. What is the length of the pipe required? 
positioner? 


15. What is the millimeter equivalent for dimension 


10. a. List the sizes of the s-beams specified. 2"? Refer to the conversion table on print #1. 


b. Identify the geometric configuration required 16. Identify the detail drawing for the U channel. 
at each end of the s-beam(s). 


eae Syhaecise pipet eequived'to be welcedita 7 2 i aes material is required for making the 
Base” supporters? 
part ™) and the I-beam? 


b. How many supports are required? 


b. What is the length for each piece of pipe? 
c. What method is to be used for fitting the pin 


assembly? 
c. What is the wall thickness of the pipe? (Refer 


to Appendix 3.) 
18. What material size is required for the “End Plate 


Assembly”? 
12. What is the significance of the following 
symbol(s)? 
S$ Mold positioner 19. What material size is required for Part (P) 2 
13. List the specifications for welds to be made. 20. At what point in the assembly are spacers to be 
W-1 installed? 


W-2 


4 BRACKETS @ .625 DRILL 
THRU 


DETAIL 'D” (SCALE 7 =1) 
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TYP 


1A | 
TYP 28 q ° STEEL SPACER (6 PLACES) SEE DETAIL “B” 
- WELDED TO UPPER AND LOWER 


a SECTIONS OF STEEL TUBING 1 
2x2x— SO TUBING 
WELD ; 
(16 PIECES 
TYP LENGTHS AS 
SPECIFIED) 
TYP 


SEE DETAIL “A” 


= 11 UNC TAP 


MATERIAL: 
STEEL PLATE 


DETAIL “‘A”, LEG BASE — 4 PIECES REQ’D 


SCALE 1 =1 


1 


| 
| 


— en 


DETAIL “*B” STEEL SPACER — 6 PIECES REQ’D 


5 SCALE —=1 


DETAIL “C” 


TYP 
SEE DETAIL “C”, 
NOTE #1 


T¥P 


2 


NOTE #1: 2”0 STEEL TUBING, BUTT JOINTS 
WELDED ACCORDING TO DETAIL “C” 


TOLERANCES 
(EXCEPT AS NOTED) 
DECIMAL + .005 
FRACTIONAL + is 
ANGULAR + 2° 


AUTOMATED DYNAMICS CORP. 
ROBOT TABLE 


‘= DRAWN BY | SCALE 1_,] MATERIAL 
|e Le aesty 4 STEEL 
| s[CHK'D DATE DRAWING NO, 
—_ DESIGNED BY | APP’D 
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DETAIL “C” 
1 
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UNIT 13: REVIEW E 


Refer to the drawing, Robot Table, pages 186 and 187. 


. Identify the name of the unit to be fabricated. 


. List the tolerances that are to be applied. 
Decimal: 
Fractional: 


Angular: 


. a. How many spacers are required? 


b. What kind of material is to be used for the 
spacers? 


. a. How many tapped holes are required? 


b. What size tap is to be used? 


c. What tap drill size is required? 
d. Explain the significance of each item in the 


thread specification. 


. What scale size is used for the detail drawings? 


. List two reference dimensions found on the print. 
. a. How many ©. 625 drilled holes are required? 


b. What is the fractional size of these drills? 


. Identify the weld(s) required for fastening each 
leg base to the square tubing. 


. Identify the weld(s) required for fastening the 
spacers to the square tubing. 


10. 


Modify the following sketch to show how joint 
is to be prepared for welding. Fill in the 
weld as it would appear at the joint. 


JOINT @® 


. a. What size angle is required for the square 


tubing joints? 


b. What is the maximum angle size permitted? 


c. What is the minimum angle size permitted? 


. How many pieces of 2” |_] tubing, 17%” long, 


are required? 


. What is the total length of 2” |_] tubing that 


is required to fabricate the table? Allow %” for 
cutting and finishing each piece. 


. Explain the use of “TYP” as found in the tail of 


the welding symbols. 


. Explain the purpose of a reference dimension. 


. How many joints require that they be welded 


all around? 


17. 


18. 


19, 


20. 


21. 


22. 


25. 
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What do the break lines indicate? 


How many fillet welds are required? 


How many square groove welds are required? 


How many flare bevel welds are required? 


Since the size of fillet welds is not specified, 
what standard should be used for determining 
their size? 


Identify the views shown on the drawing. 


Identify the kind of drawing that is used for the 
production of the Robot Table. 


24. a. Sketch the welding symbol showing a 
multiple weld on one side. Use multiple 
reference lines. 


b. List the sequence of welds. 


25. a. Sketch the welding symbol found on the 
drawing showing multiple welds on both 
sides. 


b. Describe the joint preparation required for 
both sides. 


26. What additional view(s) are needed to better 
read this drawing? 
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Back or Backing and 
Melt-Thru Welds 


Back or backing and melt-thru welds are frequently used with groove welds to strengthen the weld on the 


opposite side of the joint. 


A back weld is distinguished from a backing weld only by its sequence of application with respect to the 
face side of the groove weld. In the case of a back weld, the groove weld is made first and then the back weld 
is applied. In contrast to this, the backing weld is applied first and then the groove weld is made. Actually, the 


back and backing welds are the same and are 
shown by the symbol: (__. Either is speci- 
fied by including a reference in the tail of the 
welding symbol, Figure 14.1. A distinction 
may also be made by use of multiple reference 
lines, Figure 14.5(d). 

The melt-thru symbol is included with the 
study of the back or backing symbol because 
of its similarity in shape and the way in which 
itis applied. It differs from the backing symbol 
in that it is shown as a solid: 

When used with groove welds, the back- 
ing, back, and melt-thru symbols are placed 
on the side of the reference line opposite the 
groove weld symbol, Figure 14.2. 


SIZE OF BACKING 
AND MELT-THRU 
WELDS 


Dimensions that refer to backing and back 
welds are not applied to these symbols; how- 
ever, a height of reinforcement dimension 
may be applied to the melt-thru symbol. It 
is placed to the left of the symbol, Figure 
14.3. Generally, when it is necessary to specify 
dimensions for these welds, they are shown 
on a detail drawing or are included in the tail 
of the welding symbol. 


CONTOUR AND 
FINISHING 


The contour symbols and finish abbreviations 
are added to the groove, backing, back, and 
melt-thru symbols as shown in Figure 14.4. 


BACKING 
WELD 


FIGURE 14.1 m Use of back or backing weld symbol with 
groove weld symbol. 


BACK BACKING 

WELD aan Yr, oo poll WELD 

FIGURE 14.2 m Location of melt-thru, back, and backing weld 
symbols with groove weld symbols. 


3 
< | i 16 25 
1 
8 


Daas OF REINFORCEMENT 


FIGURE 14.3 m Application of height of reinforcement dimension. 


~~ BACKING 
WELD 
wT 
BACKING 


BACK as BACK AS 
= WELD WELD 


{ 


FIGURE 14.4 m Application of contour and finish symbols to 
backing, back, and melt-thru symbols. 
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When a backing weld or a melt-thru weld is to have a mechanically finished convex contour, this is indi- 
cated by adding the convex contour symbol and the finish abbreviation to the backing, back, or melt-thru 
symbol, Figure 14.4. 

To this point, melt-thru symbols have been used in conjunction with groove symbols. However, this symbol 
is also used with the edge weld symbol, Unit 17. 


SELECTED APPLICATIONS OF BACK 
OR BACKING SYMBOLS 


Figure 14.4 shows several applications of the back and backing symbols. Note that Figure 14.4(a) and 
Figure 14.4(b) show the distinction between a back and a backing weld. Note also that a back or back- 
ing weld is easily distinguished when a multiple reference line is used, Figure 14.4(d). Observe that in 
all cases a reference is included in the tail to specify either a back or backing weld except when multiple 
reference lines are used. 


SELECTED APPLICATIONS OF MELT-THRU 
SYMBOLS WITH GROOVE SYMBOLS 


Several applications of the melt-thru symbol are shown in Figure 14.5 and Figure 14.6. In Figures 14.5(a) 
through (c), the melt-thru symbol is used with a groove weld. However, it can also be used for flange welds 
as in Figure 14.7(a) and (b). The melt-thru symbol is used in the same manner and has the same significance 
for flange welds as it does for groove welds. 


BACK GROOVE WELD MADE BEFORE = BACK WELD 
WELD WELDING OTHER SIDE . IS MADE 
GROOVE 
BACK WELD IS 
WELD COMPLETE 
ava 


<BACK WELD SYMBOL SIGNIFICANCE 
SYMBOL SIGNIFICANCE 
(c) BACK WELD, SINGLE J-GROOVE, 
(a) SINGLE-PASS BACK WELD AND FILLET WELD SYMBOLS 


2ND OPERATION 
BACK WELD 


1ST OPERATION 
V-GROOVE WELD 


a _ a 


SYMBOL L BACK WELD 
2ND OPERATION SIGNIFICANCE 
BEVEL GROOVE 
BACKING GROOVE WELD MADE AFTER WELD SECOND WELD MADE 


WELDIN 
WELD G OTHER SIDE 16a OOERATION FROM THIS SIDE 


BACKING WELD iw 
| | 
BACKING WELD SYMBOL 


emer Sep irlcnnce . FIRST FROM THIS SIDE 


SIGNIFICANCE 


(b) BACKING WELD 


FIGURE 14.5 m Applications of the back or backing weld symbol. 
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SYMBOL SIGNIFICANCE 


——— 
es ee 


oo 


FIGURE 14.6 m Applications of the melt-thru weld symbol with groove welds. 


WELDED 

FROM 

THIS SIDE 
e; 7 


FLANGED EDGE JOINT 
(a) 


WELDED FROM 


THIS SIDE 
-T7 


CORNER FLANGE 


FIGURE 14.7 @ Applications of melt-thru symbol with edge welds. 


194 u Blueprint Reading for Welders 


UNIT 14: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. a. What types of welds are used with back or 7. Draw the welding symbol required for the 
backing welds? following welds: 
b. Identify the types of welds to which melt- a. 


thru symbols may be applied. 


BACK WELD 


2. How may the back weld be distinguished from GRIND se 
a backing weld? FLUSH <\ 0 r 


3. Sketch the welding symbols to indicate the 
following welds. Include a square groove weld 


symbol with the back and backing weld symbols. BACKING WELD 


WITH MACHINED 
. Back weld CONVEX CONTOUR 


8. Sketch the welds required as indicated by the 


following welding symbols for A. and B. below. 


a 
b. Backing weld 

c. Melt-thru weld 
d 


. Arrow side is sone mace weld with a Indicate the sequence of welds on the sketch 
removable backing and identify each weld symbol. 
4, Explain each part of the following welding symbol. a. Should the reference CJP be included in 
sketch B? 
BACKING 
— WELD b. Explain your answer. 
M 
Arrow side: 


SEE 
DETAIL 


Other side: DRAWING 


5. a. Are size dimensions generally shown for 
back or backing welds? 


b. What dimension may be given with a melt- 
thru weld symbol? 


6. Sketch the symbol for the following: a single B. wy 
V-groove weld on the arrow side, to be grooved 
to a depth of %” with 4” root opening and 65° 
included angle, weld to be chipped flat faced on CJP 
arrow side. On the other side there is to be a back 1 
pass that is to be machined to a convex contour. 


A 
6) 
= 
BB 
wm) 
a: 
= 
» 
reg 
= 
RS 
® 
= 
ms) 
< 
Ss 
d 
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Plug and Slot Welds 


The difference between the two welds, plug and slot, is in the shape of the hole in which the weld metal is 
deposited to fuse the two members of the joint. The plug weld is made through a round hole, and the slot 
weld is made through an elongated hole, Figure 15.1. Note that a plug weld symbol (not a slot weld symbol) 
is used to designate a fillet weld in a round or slotted hole. 

Plug welds and slot welds are identified by the same symbol, |__| except that the plug weld symbol has 
a diameter symbol placed on its left side | _|, Figure 15.2(a). They may also be distinguished from one 
another in that a slot weld is identified by reference to a detail drawing in the tail of the welding symbol. The 
detail drawing shows the shape, location, and orientation of the slot weld, Figure 15.2(b). 

When the weld symbol for plug or slot welds is located below the reference line, the hole is in the arrow 
side member of the joint. When the symbol is located above the reference line, the hole is in the other 
side member, Figure 15.2(a) and (b). The symbol for plug or slot welds is not used to have a both sides 
significance. 

Reference in the tail of the welding symbol may be made to specify other sources of information for prepara- 
tion and completion of a slot or plug weld, Figure 15.3. 


so. Th | 


SECTION A-A SECTION B-B ey MEOr She eels 
(a) TAPERED PLUG (b) SLOT 


FIGURE 15.1 m Types of holes required to make plug and 


slot welds. 
SIGNIFICANCE 
1 a 
7 4 
05 AT 
BASE 
= OF PLUG 
DETAIL “A” 
SECTION OR wT 
SIDE VIEW SECTIO 
SYMBOL SIGNIFICANCE 


FIGURE 15.2(a) m Arrow side plug weld. FIGURE 15.2(b) m Arrow side slot weld. 
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B PLUG SEE 
WELDS > al J ‘a ‘ | J 4 SPEC #2 


SPEC, #2—MINIMUM OF 
6 PLUG WELDS REQUIRED 


FIGURE 15.3 m Reference to the tail as a source for more information 
on plug or slot welds. 


DIMENSIONS 
APPLIED TO THE 
PLUG AND SLOT 
WELD SYMBOL 


Dimensions that may be applied to the plug 
weld symbol include size, depth of filling, 
included angle of countersink, number of 
welds and their spacing (pitch). 

The size of a plug weld refers to its diameter 
in inches at the base of the weld. This dimen- 
sion is located to the left of the weld symbol, 
and is preceded by the diameter symbol ©, 
Figure 15.3 and Figure 15.4. 

The width dimension of a slot weld is located 
to the left of the symbol. It represents the width of 
the minor axis of the slot at its base, Figure 15.5. 

The sides of a plug or slot weld may be 
straight or tapered. When the sides of the hole 
are tapered, the included angle with a degree 
sign is applied on the same side of the symbol 
(above or below it, depending on location of 
the symbol) as shown in Figure 15.6. 

The number of welds is shown in paren- 
thesis below an arrow side of the plug and slot 
weld symbols or may be specified in the tail of 
the welding symbol. If the included angle is 
also to be shown, it is placed below the angle 
dimension. Conversely, it is shown above the 
symbol when the symbol has an other side 
significance, Figure 15.7. 

The spacing (pitch) of plug welds may also 
be specified. This dimension is shown to the 
right of the plug weld symbol, Figure 15.8. 

In the case of slot welds, the spacing (pitch) 
dimension follows the length dimension and is 
preceded by a hyphen, Figure 15.9. The spacing 
may also be shown by means of a detail drawing. 

Depth of filling is shown within the symbol 
for both plug and slot welds. When not shown, 
complete filling is required, Figure 15.10. 

Note that in all cases the dimensions applied 
to the plug and slot weld symbol are located on 
the same side of the reference line as the sym- 
bols. A combined use of dimensions for a plug 
weld symbol is shown in Figure 15.11, and for 
a slot weld in Figure 15.12. 


O1/2 


—  - o1/2' 


MN AN 
UMM UU, 


SYMBOL SIGNIFICANCE 
FIGURE 15.4 m Size of plug weld. 
SEE 
DETAIL” B" 
Ya 
DETAIL” B” 
3/5 
SEE 
375 DETAIL"A” Le ee 
DETAIL“ A” 


FIGURE 15.5 @ Width and orientation of a slot weld by reference 
to a detail drawing. 


el a 


SYMBOL CSC 


(a) PLUG 


45° 


_ 
m5 


KA 


SYMBOL SIGNIFICANCE 


(b) SLOT 
OTHER SIDE 


FIGURE 15.6(a, b) m Application of included angle dimension 
to plug and slot weld symbols. 
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(8) 
30° 
a) 
/ oL_] "A oL_] 
(6) 45° 
(10) 
8 PLUG SEE 
WELDS 5 7} SPEC #2 


SPEC. #2—MINIMUM OF 
6 PLUG WELDS REQUIRED 


FIGURE 15.7 m Number of plug welds. 


——oe 
Parra sty3 


SYMBOL SIGNIFICANCE 


FIGURE 15.8 m Pitch of plug welds. 


SEE DETAIL A 


6 DETAIL "A" 


SYMBOL SIGNIFICANCE 


FIGURE 15.9 @ Length and pitch of slot welds. 


SEE 
oL/4 ? Jaen 
4 
4 ee 
- 


Ree 
2 


SYMBOL FOR SLOT WELD SIGNIFICANCE 
SYMBOL FOR PLUG WELD (a) DEPTH OF FILLING OF PLUG WELDS OR SLOT WELDS 


FIGURE 15.10 m Depth of filling of plug or slot welds. 


2 
SYMBOL SECTION A-A 


FIGURE 15.11 = Combined use of dimensions for a plug weld symbol. 
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SEE DETAIL "A", 


SYMBOL 


DETAIL "B" 
SIGNIFICANCE 


—P| 


's DEPTH 
8 OF 
3 |g. FILLING 
4 


FIGURE 15.12 = Combined use of dimensions for a slot weld symbol. 


CONTOUR AND 
FINISHING 


Plug and slot welds are generally finished with 
a flush or convex contour. When a specific 
contour symbol is required, the appropriate 
contour symbol is shown above or below the 
weld symbol depending on its arrow side, or 
other side significance, Figure 15.13. Ifa method 
of postweld finish is also to be specified, it is 
placed above or below the contour symbol, 
Figure 15.13. In the case of a flat finish require- 
ment, it is so specified by a note in the tail of the 
welding symbol, whereas a note for a flush finish 
is not needed. 


PLUG WELDS WITH 
THREE OR MORE 
JOINTS 


Two or more members may be welded to another 
member by means of a plug weld. When this 
is specified, the joint or joints to be welded 
are shown by a section drawing. The section 
drawing shows the member or members that 
will require joint preparation, Figure 15.14(a) 
and (b). Note the variation on the preparation 
required. 


SECTION A-A 
SIGNIFICANCE 
2 
GRIND 
/ | | FLAT 
——_ 
M 


FIGURE 15.13 @ Application of contour and finishing symbols. 


SEE SECTION A-A 


i 


BROKEN LINES TO SHOW 
CUTLINE OF HOLE 


SECTION A-A- SIGNIFICANCE 


TYP. BOTH SIDES 
SEE SEC, B-B 


SYMBOL SECTION B-8 SIGNIFICANCE 


FIGURE 15.14 m Plug welds in a three-member assembly. 
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UNIT 15: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. How does a slot weld differ from a plug weld? 


2. Show the desired welds called for in sketch A 
in sketch B. 


DETAIL "A" 


3. To what part of the hole does the size of a plug 
weld refer? 


4. Where on the welding symbol is the size of a 
plug weld shown? 


5. List all information supplied by the welding 
symbols shown. 
a 3 saul b. (5) 


30° 
5/8 ~— 12-4 


6. a. Complete the following welding symbol to 
indicate a “4” plug weld with a 60° angle of 
countersink on the other side of the joint, a 
4” pitch, and %” depth of fill. 


b. Sketch how the weld would appear on the 
drawing. 


| ay 


7. Complete the following welding symbol to 
indicate three 1” plug welds on the arrow side 
member of the joint with 6” pitch, 4” diameter, 
and 60° countersink. 


-| 2" 


8. When is depth of filling not shown on the 
welding symbols for plug and slot welds? 


202 = Blueprint Reading for Welders 


9. Apply the correct symbol or symbols to the top 
view for the welds shown in the section view. 


CONVEX 
CONTOUR, 
CHIP FINISH 


y) 4 
Aa 
WILLLAGLLLLLD, * 


SECTION A-A 


10. Interpret fully the welds specified on the design 
of the Building Girder. 


QO©AMOO®O 


BUILDING GIRDER 


NOTE: UNLESS — Us 
OTHERWISE 

SPECIFIED 

SIMILAR WELDS N 
HAVE THE SAME 

DIMENSIONS. 


11. a. What is the purpose of including the note 
shown in the tail of the following welding 
symbol? 


MACHINE 
FLAT 


=| 


b. If the note were not included, what would 
be the required finish? 


12. Complete the following welding symbol to 
indicate six %4” plug welds having a 4” depth 
of filling with a 3” pitch to join three members 
of a fabrication as shown in the following 
drawing. 


“PR 


eh 


SECTION A-A 


2 5 aM {DETAIL 
i" "BY" 
S 4 
2-12 1 3 
an 8 I 
aD, 
4 2-8 (0) 


BDWVWVWAWBABeVeaseqaauewawsaaas 4 


DETAIL 
"A" 
ah, 
; ” 
B 
SL 4 
TK AL a - 1 
A WV 4G 
4 


A 
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13. Prepare a two-view sketch, front and side 14. Sketch the welding symbol that will indicate 
views, of the reinforced beam. Include all the following plug weld. 
welding symbols necessary to describe the 
welds. Include weld details and dimensions 
where necessary. 


80° 


Lo 


V-GROOVE WELD, 
i DEPTH, FLUSH 


°3 PLUG WELD, WITH 


FLAT CONTOUR, MACHINE FINISH FLAT, 
8" PITCH BETWEEN WELDS, MATERIAL-SPEC “C" 
SLOT WELDS (5) 60 PLUG WELDS REQUIRED 


FILLET WELDS WITH 
CONVEX CONTOUR 


15. Apply the welding symbol that will indicate the 
following slot weld. 


Irae 
i 


5 hos 
eee ELBE DEPTH OF FILL 4 
(INCLUDE PITCH, 


COUNTERSINK — 
SELECTION OF 
SIZES OPTIONAL) 


FILLET WELDS, 
1” ano !'LEGS (DETAIL “A”) 


SQUARE GROOVE WELDS 4 2 
(FIELD WELDED) WITH 
GROOVE WELD SIZE 7 1 DETAIL “A” 
4 
1 
REINFORCED BEAM = 3 -4 


nN) 


Ww 
i 
o 
as 
: 
hea 
2 
d 
= 
me) 
S 
o 
i 
Nhe 
= 
Thee 
a. 
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= 
an 
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Surfacing Welds 


A surfacing weld is used to build up a surface 
to (1) correct the size of a part, (2) provide a 
transition between dissimilar metals, (3) pro- 
vide a corrosion resistant surface, or (4) pro- 
vide a wear-resistant surface, and (5) reduce 
excessive root openings. Surfacing welds can 
be applied to a flat or contoured surface and 
are shown on the lower side of the reference 
line. Because this symbol does not refer to a 
joint, it has no arrow side or other side signifi- 
cance, Figure 16.1. 

When the entire surface is to be built up, 
whether it be the entire area of a plane or 
curved surface, only one element may be 
added to the surface symbol. This element 
is the minimum thickness of the buildup of 
the weld deposit, which is shown to the left 
of the symbol, Figure 16.1. When a specific 
height is not desired, a dimension is not given. 
However, a reference in the tail of the welding 
symbol may be included to indicate a buildup 
in accordance with company standards. 

For a completely built-up surface, the weld 
symbol may appear on a print as in Figure 16.2. 

When only a portion of the surface must 
be built up, whether it be the area of a 
plane or curved surface, the extent, loca- 
tion, and orientation of the area to be built 
up is shown on the print in addition to the 
symbol, Figure 16.3(a). The direction of 
welding may also be indicated by a note in 


CO. sie \ 
STD. 4 


a SIGNIFIES HEIGHT 
OF BUILD UP 


oN 


HEIGHT OF BUILD UP 
NOT SPECIFIED 


HEIGHT IS TO BE 
IN ACCORDANCE WITH 
USER’S STANDARD 


FIGURE 16.1 m Symbol for a built-up surface. 


\ SURFACE 


BUILD UP 


co|— 


i 
‘ ~ 
SYMBOL SIGNIFICANCE 


FIGURE 16.2 m Symbol indicating full surface buildup. 


the tail of the welding symbol, Figure 16.3(b) and (c). 
In cases where a surfacing weld is to be performed over another weld, a welding symbol with a multiple 
reference line may be used. For example, a fillet or groove weld may be the first operation, followed by the 


surfacing weld, Figure 16.4. 


Differences in the direction of multiple surface welds may be indicated by the use of appropriate notes in 


the tail of the welding symbol, Figure 16.5(a). 


Also, special applications of surface welds may be indicated by a note in the tail of the welding symbol, such 
as adjusting the fit-up of grooved joints, Figure 16.5(b). 


206 = Blueprint Reading for Welders 


SIGNIFICANCE 


SYMBOL 


cous 


HEIGHT OF 
BUILD UP AS 
REQUIRED 


DIRECTION 


1 
4 HEIGHT 


OF BUILD UP 


DIRECTION OF 
(b) WELD IS AXIAL 


SYMBOL 


SIGNIFICANCE 


7K CIRCUMFERENTIAL 


: LZ 
ae 


DIRECTION OF WELD IS 
(c) CIRCUMFERENTIAL 


FIGURE 16.3 @ Length, width, and direction of surface built up 
by welding. 


SECOND WELD 
IS LATERAL (NOT 
SHOWN COMPLETED) 


FIRST WELD IS 
LONGITUDINAL 


LATERAL 
LONGITUDINAL 


[ 


SYMBOL 


SIGNIFICANCE 


FIGURE 16.5(a) = Multiple-layer (longitudinal and lateral) 
surface welds. 


2ND 
WELD 1ST 
WELD 
1ST 
WELD 2ND 
WELD 
(a) 
SURFACE 
WELD 
(2ND WELD 
OVERLAPS 
FILLET 
WELD) 
FRONT RIGHT 
VIEW SIDE VIEW 
FILLET (FIRST WELD) 
SYMBOL (b) SIGNIFICANCE 


SURFACE 
WELDS 
PERFORMED AS 
SECOND 
OPERATION 


SYMBOL 


FRONT RIGHT 
VIEW SIDE VIEW 


SIGNIFICANCE 
(c) 


FIGURE 16.4 m@ Applications of surface weld symbol with other 
weld symbols using a multiple reference line 
welding symbol. 


ROOT OPENING 
REDUCED TO; " 


SURFACE WELDED 
TO EXTENT NEEDED 


REDUCE ROOT 
OPENING TO 1/4” 


=! 


SYMBOL 1" SIGNIFICANCE 


r=) 


FIGURE 16.5(b) m Application of surface weld for reducing 
root opening of a bevel groove joint. 
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UNIT 16: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. a. Complete the following welding symbol to 5. Explain the significance of the following 
indicate the building up of a surface. welding symbols. 


LONGITUDINAL 
WELD 
LATERAL 

WELD 


eee eae a. 


b. Apply and identify an element used with 
this symbol. 


c. On which side of the reference line is the 


weld symbol placed? 
b CIRCUMFERENTIAL 
3 WELD 
2. a. Does this symbol have an arrow side, other 8 
side significance? 
b. Give the reason for your answer. 
Cs AXIAL WELD 
4 
3. a. Show how the extent of the surfacing weld is 
indicated between the vertical centerlines in 
the following illustration. 
b. Show how a 1%” weld width is indicated 6. Draw the symbol for the following. Use a 
with a 4” surface buildup. suitable sketch for applying the symbol. 
a. 


4. a. Illustrate an axial weld direction on the 
following sketch of a round rod to a 4” b. 
surface buildup. 


b. Draw the welding symbol to specify this. 
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7. Illustrated is a hub cap punch prepared for 
welding and in finished form. The operation 
is to be done by building up with a surface 
weld to the desired height and machining 
the contour to match the 4” diameter. Allow 
’’” for finishing the welded surface. The 
surface is to be welded circumferentially. 
Make a two-view working sketch including 
dimensions and necessary welding symbols 
to specify the required work. 


8. a. Interpret the note specifying reamed holes. 


b. What is the spacing of the hole in degrees? 


9. a. Draw a welding symbol that specifies 
a circumferential surface weld with no 
buildup size requirement. 


b. Prepare a sketch that illustrates how the 
weld would appear. 


EOGE PREPARED 
FOR WELDING 
¢.375 REAM 


6 HOLES ES 
ON 53 BC 


4" 


ye 


HUB CAP PUNCH 
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SRR ERE SASS SR SRS SSSA AeA SSR ESSA RSE SER SSE ERASE 
SSSR eae Ee SRR AAS SE PERRERES ARES REE PRPC ERE REE SSR ERAS EARS SES 
ERE SEER REESE SEERRER EARS BERS RRES SESSA EREDAR REESE EERE REEE 


Fdge Welds 


(c) 
The edge weld symbol |{]|_ has replaced the ° = Y/Y 
flange butt _)_ and comer flange |_ weld symbols, SYMBOL 
which have become obsolete. These former weld c= —. 


symbols are identified as joints to which the = SYMBOL WELD = SYMBOL WELD mely 
edge weld symbol is applied, Figure 17.1(a) and 


(b). Note that an edge weld symbol may also be FLANGE BUTT JOINT CORNER FLANGE JOINT EDGE JOINT 

applied to an edge joint, Figure 17.1(c). FIGURE 17.1 @ Typical joints to which the edge weld symbol 
The edge weld symbol is used particularly is applied. 

for sheet metal joinery (welding metal 7%.” or 

less in thickness). It may be shown having 

an arrow side, other side, or both sides sig- i . S 

nificance, Figure 17.2(a) and (b). It has a both 

sides application only to an edge joint. When Saar cL arcL 

so used, the symbols are placed opposite each — 

other on the reference line, Figure 17.2(c). wore weir ways 
Dimensions that may be added to the edge 

ARROW SIDE OTHER SIDE BOTH SIDES 


weld symbol are size, length, and spacing (pitch 
of intermittent welds). The standard locations = F|GURE 17.2 m Application of edge weld symbol to indicate arrow 
for these dimensions are shown in Figure 17.3. side, other side, and both sides welds. 

In instances where the weld is to be the 
full length of the joint, no length dimension 
is required. However, when the weld is to be 
specified for a particular length, dimensions 
within the extension lines are used, Figure 17.4. 
Hatching lines may also be applied to a detail 
drawing to indicate lengths to be welded. 

When specifying the length and spacing of 
intermittent edge welds, the dimensions are 
placed to the right side of the weld symbol. ey 
The first dimension represents the length 
of the weld and the second, separated by a 
hyphen, the pitch, Figure 17.5. 


vp 35 


pence! SYMBOL 


To specify a chain intermittent edge weld, ii 
the edge weld symbol is applied to the weld- orenees 
ing symbol as shown in Figure 17.6. Note 5" PITCH 


- HYPHEN USED TO SEPARATE DIMENSIONS 
that the edge welds are directly opposite each 


other, and the length and pitch dimensions FIGURE | 7.3 m Dimensions applied to the edge weld symbol. 
are located to the right of the symbols on both 

sides of the reference line. Length is the first 

dimension followed by a hyphen (-) and then 

the pitch. 
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34 
—s—| 


-_ LENGTH TO BE 


WELDED 


VSLLLL | |, ROB ELL ILILIGIS IT 
VILLETTE Te ITT 


an 


WELD 


|—4— 


le 
f. LENGTH TO BE 


WELDED SYMBOL 


FIGURE 17.5 @ Application of length and pitch dimensions 


FIGURE 17.4 m Identifying sections to be welded by the use to an edge weld symbol. 


of hatching lines and dimensions within 
extension lines. 


dek+ekd2 be F 


zi F 3 


FRONT VIEW WITH EDGE 
WELD SYMBOL SPECIFYING 
CHAIN INTERMITTENT WELDS 


—<—_ TOP VIEW 
AFTER WELDS HAVE 
BEEN COMPLETED 


SPACING OF WELDS 


RIGHT SIDE VIEW 

AFTER WELDS HAVE LENGTH OF WELD 
BEEN COMPLETED 
FIGURE 17.7 @ Location of symbols for staggered 


FIGURE | 7.6 @ Chain intermittent edge welds. intermittent edge welds. 


For staggered intermittent edge welds, the edge 


weld symbol is shown offset, Figure 17.7 and 
Figure 17.8. Applicable length and pitch dimen- 
sions are placed on the right side of each symbol. 

The edge weld symbol has the same applica- 
tion to multiple members of a flanged butt joint, 
flanged corner joint and edge joint consisting of 
more than two members, | 7.9(a) and (b). 

Other symbols that may be used in combina- 
tion with the edge weld symbol are the melt- 
thru symbol @@, the flare V-groove symbol >, 
and the flare bevel groove symbol | /. The melt- 
thru symbol is added when complete joint 
penetration is to be specified, Figure 17.10. 
Note that in this process the joint loses its 
identity. 

The flare V-groove and flare-bevel groove 
symbols are used in combination with the 
edge weld symbol to reinforce the welded 
joint, Figure 17.11 and Figure 17.12. 


Faas cna Wena 


— 


TOP VIEW 
AFTER WELDS HAVE 
BEEN COMPLETED 


FRONT VIEW STAGGERED 
INTERMITTENT EDGE 
WELD SYMBOL 


RIGHT SIDE VIEW 
AFTER WELDS HAVE 
BEEN COMPLETED 


FIGURE |7.8 m Application of a staggered intermittent edge 
weld symbol. 


UNIT 17 Edge Welds u 213 


: JIL ft SG 
SYMBOL SYMBOL 


SYMBOL 
WELD WELD WELD 
THREE MEMBER FOUR MEMBER THREE MEMBER 
FLANGE BUTT JOINT FLANGED CORNER JOINT EDGE JOINT 


FIGURE 17.9 m@ Application of edge weld symbol to joints 


consisting of more than two members. 


SYMBOL 


a WELD 
SYMBOL WELD 


FIGURE | 7.10 @ Combination edge weld and melt-thru symbol. 


fs 


SYMBOL WELD SYMBOL WELD 
FIGURE 17.11 Combination edge weld and FIGURE | 7.12 = Combination edge weld and flare 
flare V-groove symbol. bevel groove symbol. 


To summarize, the edge weld symbol has many of the elements applied to other weld symbols—size, length, 
pitch, weld-all-around, weld-in-field, finishing and methods of finishing welds. It is applied to flange-butt, 


flanged corner, and edge joints, and may be used in conjunction with melt-thru, flare-groove, and flare-bevel 
symbols. 
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UNIT 17: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. a. Identify three joints to which an edge weld 4. a. List three dimensions that may be applied to 
symbol may be applied. an edge weld symbol. 
b. Sketch examples of these joints. b. Sketch a welding symbol with an edge weld 


that includes the standard locations for 
these dimensions. 


c. Apply the edge weld symbol with an arrow 
side significance to each of these joints. 


2. Sketch how the edge weld symbol would be c. Identify each dimension on the sketch. 


shown for an intermittent other side edge weld. 5. Sketch welding symbols that include an edge 
Use a welding symbol for this purpose. weld symbol having the following elements: 


Convex contour 
Concave contour 
Flush or flat contour 
Weld-all-around 
Machine flat 

Planish flat 


3. a. What other weld symbols may be used in 
conjunction with the edge weld symbol? 


6. Sketch a welding symbol that includes an edge 
weld symbol applied to extension and hatching 


b. Sketch combination edge weld symbols to lines to show the location and extent of an 
include the other weld symbols identified edge view. 


in 3(a). 
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7. Complete the following symbols to show: 9. Up to what metal thickness size is an edge weld 


symbol usually applied? 
a. A chain intermittent edge weld. y yee 


10. On the drawing that follows, sketch how the 
completed weld will appear as indicated by the 
weld symbols. 


wi To 


11. Sketch a welding symbol to specify a both sides 
edge weld with a &” thickness on an edge 
joint. 


b. A staggered intermittent edge weld. 


c. A weld-all-around edge weld including 
finish and method of finish. 


8. a. Identify the joints that lose their identity 
upon completion of an edge weld when com- 
plete penetration is specified. 


12. In the following drawing, edge welds are to be 
specified for the edges identified by hatched 
lines. Apply the appropriate symbol(s). 


b. Using sketches, illustrate the joints and their 
appearance identified in 8(a) upon their 
completion. TOP VIEW 


MU 
view. PUL | —— RIGHT SIDE VIEW 


c. Complete the following welding symbol to 
indicate an edge weld requiring complete 
penetration. 
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Eee Ree eee SRR ee RE ARRAS eee ORES REE RRREES Pees 
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Ee Ee ee ee ee el ee te 
REECE RRAESSRE RSE BRERA SRSA SHARES SAREE EATERS PARAS AREER RRR SS 
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SERRE RARER REE RRR RRR ERASERS EAR RAREST RARER ERA RRR 
ERPS SRSA ERE SAS APRA PER ESAS RE RERRHA A SARESASR ARE RES S 
PTT TTT eT tT te eT TT TE TT TT TTT TT TE TT EE TTT EE TET ET TT TE ET TT 
ERR REP SERRE ASS BERS SE CASALE AERA PARAS ESE SESE ESSERE SeESs 
SPARSE RRR PREMERA REPENS R TERRE ASR AREE PERS 
SRSA SPADA ASe SERS VARA RARER ARRAS SEPARA SADA RH RR ERARE A 
SRR RRR RRR RRA PARR CERO RRR CREE REARS 
SHR SBA RSH ERE SEUSS RARER AS PARRA SERRE SAREE APRS SARS eEeE 
SERS RAR STARE PERSE ARERR ERA OARS RRR PRA PE RERERR EERE 
SRRESS KASPAR AK ERA RA ASSESS CARRERA RSLS ARBRE BERRA EDERS 
ERS RPE EE SERRE PERE EERE REARS RER ERRRSRE EER RRERE 
ee ee ee ee eee eee 
SREP RRRSS CREE RAS SERRA EAE SRSA HARI PERERA ARREARS 
te A ES De Ed ee aT ee 
SERERERE ESSERE RE SRR RERAS ERAN SAS PRA AEARRRERE SE CERMAK AS ERR SERS 
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Spot Welds 


A spot weld is made between or on overlapping members of a joint. In cross section, the spot weld appears to 
be circular. The symbol for a spot weld is C). This symbol is similar to the weld-all-around symbol except that 
it is centered on the reference line. (Note that the weld-all-around symbol is placed at the break in the 
reference line, (Q—.) 

The spot-weld symbol is located tangent to 
the reference line (circumference of symbol , oma © mes GTAW> 
touches line) when it has an arrow side or OTHER SIDE 

fiat ; ARROW SIDE 
other side significance. It is centered on the 
reference line when there is no arrow side or Z & < a 
other side significance, Figure 18.1. 

When the spot weld is used, the tail must NO ARROW SIDE OR OTHER SIDE SIGNIFICANCE 
always be included. The welding process ref- 
erence required as one of the elements of the 
symbol is placed in the tail. (See Unit 10 for the 


meanings of the abbreviations for the various 
welding processes. ) 


FIGURE 18.1 @ Location of spot-weld symbol. 


WELDING PROCESS 
REFERENCE 


a 0.25" 
DIMENSIONING ras 


THE SPOT-WELD 


4 
SYMBOL > —O—\ OE 
a 


Dimensions applied to the spot-weld symbol 

are shown on the same side of the reference FIGURE 18.2 m Size of spot welds and welding process. 

line as the symbol, or on either side when 

there is no arrow side or other side signifi- 

cance for the symbol, Figure 18.2. Dimen- 

sions typically used with this symbol include 

the size or strength, spacing, extent, and the 

number of spot welds. 0.25" 
The size of a spot weld is shown to the left | 

of the weld symbol. This dimension repre- 

sents the diameter of the weld at the faying 

(joining) surfaces in fractions of an inch or in | 

decimal fractions, with or without inch marks, 

Figure 18.2 and Figure 18.3. Note that the size sabaial boleeiiee 

dimensions are given in millimeters when the paren seaaiiecubiei 

drawing is dimensioned in metric. FIGURE 18.3 m Application of size dimension. 


GTAW 
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EBW 
100 


SYMBOL 


If the strength of the weld is to be given 
rather than its size, the value is placed to 
the left of the spot-weld symbol. An expla- 
nation of the meaning of this value appears 
as a note on the drawing, Figure 18.4. 
Either the size of the spot weld or the shear 
strength is specified on the welding symbol, 
but not both. The shear strength may be 
expressed in pounds or Newtons per spot. 
Newtons are used when the drawing dimen- 
sions are in metric. The letter “N” is added 
to the strength dimension to indicate New- 
tons, Figure 18.6. 

The spacing of spot welds is indicated by 
a number placed to the right of the weld 
symbol. This number is called the pitch and 
refers to the center-to-center distance between 
the spot welds, Figure 18.5 and Figure 18.6. 

When the spot welding extends the full 
distance between decided changes in the 
direction of welding, or the full length of the 
joint, no dimension is given for the extent of 
welding. When the extent of welding is less 
than the full length of the joint or the full dis- 
tance for one direction of welding, the extent 
dimension is shown directly on the drawing, 
Figure 18.7. 

The number of spot welds in a joint is 
indicated on the symbol in parentheses. The 
number is placed below the weld symbol 
when it has an arrow side significance. It 
is placed above the symbol when it has an 
other side significance, Figure 18.8. When the 
symbol is located astride (centered on) the 
reference line, the dimension can be placed on 
either side of the reference line, Figure 18.8. 

When a pattern for the application of the 
spot welds is not specified, the welding symbol 
and elements are drawn as in Figure 18.9(a). 

When a group of spot welds may be conve- 
niently located by dimensioning intersecting 
center lines on a drawing, they are shown as 
illustrated in Figure 18.9(b). Note that mul- 
tiple arrows are used, and that they touch the 
centerlines that show the weld locations. 

The dimension for the center-to-center 
spacing (pitch) of spot welds is shown to 
the right of the weld symbol, Figure 18.10. 
When the symbol is centered on the reference 
line, the dimension can be placed on either 
side of the reference line. 

The use of combined dimensions is shown 
in Figure 18.11. 


NOTE: 

100 LB MIN 
ACCEPTABLE SHEAR 
STRENGTH PER SPOT 


VTLLLLLLLMLLL. 


SECTION A-A 
SIGNIFICANCE 


FIGURE 18.4 m Application of shear strength dimension to the 
spot-weld symbol. 


EBW RSW 
3 3 
2 
GTAW 


FIGURE 18.5 @ Application of spacing (pitch) dimension. 


A<+-£ 


SHEAR STRENGTH OF 1000 
NEWTONS IS REQUIRED 
PER SPOT 


SYMBOL SIGNIFICANCE 


FIGURE 18.6 @ Application and interpretation of spacing (pitch) 
dimension. 


SECTION 
A-A 


SIGNIFICANCE 


SYMBOL 


FIGURE 18.7 m Extent of spot welding. 
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rf LOS 8 YT, SOK, 


FIGURE 18.8 = Number of spot welds. 


FOUR SPOT WELDS 
LOCATED WITHIN 


CIRCUMSCRIBED 
AREA 
(4) 
0.10", 
RSW A 
$.10" (SIZE OF 
SPOT WELD) 
10” 
A 


SECTION 
A-A 


SYMBOL SIGNIFICANCE 


FIGURE 18.9 m Spot welds (a) located at random and (b) located 


by dimensioning. 


SECTION A-A 


4 
_?e ca ——-y—< RSw 
5 — aoe SIGNIFICANCE 


FIGURE 18.11 @ Spot-welding symbol showing the use 
FIGURE 18.10 m Indicating pitch with the spot-weld symbol. of combined dimensions. 
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CONTOUR AND FINISH _— 


SYMBOLS MACHINE 
FLAT 

The flat or flush-contour symbol and method of finish may a M 

be added to the spot-weld symbol when the exposed surface 

of either member of the spot-welded joint is to be made flush GTAW 


or flat, Figure 18.12 and Figure 18.13. Note that a machine 


finish may be specified as flat without a need for it to be flush FIGURE 18.12 m Flush-contour symbol. 
by adding a note in the tail “machine flat,” Figure 18.12. 


SYMBOL SECTION A-A 


WELD MADE FLUSH OR FLAT WITH BASE METAL, SIGNIFICANCE 
METHOD OF FINISH UNSPECIFIED 


FIGURE 18.13 m Application of flush- or flat-contour symbol. 


Multiple-Member Spot Welds 


Multiple-joint spot welds include one or more pieces inserted between the two outer members. The same spot- 
weld symbol and the same elements are applied in this case as for a two-member joint, Figure 18.14. 


“ ln ikl, Viele 


rf A ee LOZ 
SASS MAHA HAS 
LLL VLLLLLLLLL LLL LLL LLL LLL LLL LLL 
A SECTION A-A 
SYMBOL SIGNIFICANCE 


FIGURE 18.14 m Multiple-member spot welds. 
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UNIT 18: REVIEW 


Graph paper is provided at the end of this review for your use. 


. Using sketches, show how the spot-weld symbol 
differs from the weld-all-around symbol. 


. On what side of the reference line are dimensions 
applied to the spot-weld symbol? 


. Is it necessary to use a tail with the spot-weld 
symbol? 


Explain. 


. What does the term pitch refer to when applied 
to the spot-weld symbol? 


. List five dimensions or other information that 
may be applied to the spot-weld symbol. 


. Identify the dimension shown with each of the 
following spot-weld symbols: 


7. Give the significance of each dimension shown 


in the following symbols. 


20 20 mm 
500 Ibs 
= GTAW pe Leon 


Ay 20" 

b. 20 mm 
c. 3000 N 
d. 500 Ibs 


. Apply a welding symbol to the following sketch 


to indicate seven spot welds on the horizontal 
centerline between the 15” dimension, spaced 
2” apart, size of spot weld to be 4”, and the 
process to be resistance spot welding. 


ior 


. Show where the spot-weld symbol should 


be located on the reference line for the weld 
shown in the following sketch. Include an RSW 
process reference. 


clue eerste ean 
' “ : ; : H H : i H i 


SPOT WELD 


10. Sketch the weld called for by the following 


symbol. 


RSW 


IL. a. 


Sketch the desired weld as indicated by the 
following welding symbol. Apply it to the 
sketch shown on the right. 


0.25 S, Cas 


b. 


12... & 


On the sketch, show the significance of the 
0.25 figure. 


. Identify the type of joint that is shown in the 


sketch. 


. If a figure of 200 lbs were shown in place of 


the 0.25, what would it signify? 


. Ifa figure of 200N is shown, what does it 


signify? 


If a figure of 30 mm is shown, what does it 
signify? 


Describe the locations of the required welds 
as they would appear in the sketch below. 


. Indicate on the sketch below the location of 


the weld specified by the weld symbol given. 


. Indicate on the sketches below how the 


welds will appear. 
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13. Apply the data for spot welds shown in Sketch 
“A” to Sketch “B” by means of a welding 
symbol. 


GAS TUNGSTEN ARC 

SPOT WELD 

+" 

2 

8 WELDS 2” PITCH 

SHEAR STRENGTH OF 250LB 
MACHINE FINISH FLAT 


SKETCH “A” SKETCH “B"’ 


14. Sketch an enlarged detail of the portion of the 
fan rotor that is circled by a broken line. Apply 
a spot-weld symbol to this detail that signifies 
four spots 0.25” diameter and spaced 1” apart. 
The spot welds are to be made on the outside 
surface of the ring beginning 4” from the outer 
circumference. Include an appropriate welding 
process reference on the welding symbol. Also 
indicate the spot welds that are to be finished 
flush by grinding. 


Pt ttt tT tT tT tT te te tT tT tT TT TT TT PT TdT TE ET TT ET TE PT TT Tc ET PT TT TP PT PT PT TP PT PT PT TT Tc FT PT TE TT TE ET PE TE TT TE TE TE TT TTT 
Pt tT tte tT tet tT te ET TT TT TT TT ET Tr Tc TE PET TE TT ET TT TE ET TT PT TT ET TT EE TE TET EE ET TE EE TT ET EE TT TTT 


tec eae as SPREE REARS RRR ADRS RRR RRR SE CER ARRRERRe 
EA a A eT Le ee ee a ee ee 
ey 
SRESRPEREASRPR HA SERS SUE PES AAS RED PRE RERS CORREA RRS SaES 
See eREE SRR RA SE PRPS ASSP REAR RRERERRAARERRRRE ERA RE SRRRRERE 
SRS hREE ERASERS PRR RMA ERE SRA ASS RARER RARER ASS SRA EAE 
Be SS REPS RRR AAR RAR SSAA PAAR AREER ARERR ERR RRR RRS 
SRSA ESARER SARA WAS AH SRA RRA TED PARRA ASH RRAAE RR ESRRRRSARRRAREE 
Sees eee RARER AE TSR ERRATA SERS SSSR aS AR TARR RRR RARE 
Pe LL ee ee 
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Projection Welds 


A projection weld is a resistance type weld that is generally applied to a lap or edge joint. The welds to be 
made are localized at predetermined points and appear as projections or embossments, Figure 19.1. One 
of the members of the lapped joint is always prepared with an embossed (raised) surface for a projection 
weld, Figure 19.2. These regularly spaced projections, however, are not shown on any of the views of the 
drawing. The symbol for this weld is identical to the spot-weld symbol, (__), and can be applied to the ref- 
erence line to denote either an arrow side or other side significance. It is not shown astride (centered on) 
the reference line. 

The projection-weld symbol can be distinguished from the spot-weld symbol by the resistance welding 
process (PW) notation placed in the tail of the arrow. The letters “PW” in the process reference indicates that 
projection welds are to be made. 

When the symbol has an arrow side significance, the embossment is located on the arrow side member, 
Figure 19.3. An other side significance means that the embossment is located on the other side member. Note 
that the welding process, PW, is always included in the tail for this particular weld. 


vavie me 
o4 os 
(SEE DETAIL “A”) = 
PICTORIAL REPRESENTATION DETAIL “A” 


SYMBOL EMBOSSMENT COMPLETED 
FIGURE 19.1 m Application of a projection REQUIRED BEFORE WELD 
weld to a lap joint. ans 
ARROW SIDE 
ae 1 
‘2 a4 
Pw 
(SEE DETAIL 
"B"Ot") 
SYMBOL EMBOSSMENT COMPLETED 
REQUIRED BEFORE WELD 
WELDING 
SIDE VIEW 
OTHER SIDE 


FIGURE 19.2 @ Side view of a lap joint showing 
embossment preparation. FIGURE 19.3 @ Application of projection spot-weld symbol. 
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The elements that can be applied to the projection weld symbol are as follows: 


™ Sizes and strength of projection weld. Note the size dimension is preceded by the diameter symbol @. 
The strength size is followed by the abbreviation lbs and for metric, mm. 


™@ Spacing of projection welds 
® Extent of projection welds 
™ Number of projection welds 


M™ Welding process 


Several of these elements are applied to the welding symbol shown in Figure 19.4. 
The welding symbol for a projection weld can also be used to show the extent of the projection welds. It 
can be incorporated on the drawing within two extension lines or two centerlines, as shown in Figure 19.5. 


NOTE: 
PROJECTION 
WELDING 
PW  —+———— REFERENCE 
300 4 (MUST BE 
@B) PITCH USED) 


wr __UNGER OF 


SHEAR STRENGTH ne 
IN LBS OR NEWTONS 

PER WELD 

NOTE: 

DIAMETER (@) OF 
PROJECTION WELD 

MAY BE USED 

INSTEAD OF LBS 

OR NEWTONS 


FIGURE 19.4 m Elements applied to the projection-weld symbol. 


TOTAL OF FIVE PROJECTION WELDS 


SYMBOL SIGNIFICANCE 


FIGURE 19.5 @ Application of welding symbol to show extent of projection welds. 
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UNIT 19: REVIEW 


1. a. Identify the following symbols. 


(1) | ff 
RSW 


(2) A 
PW 

6) ©) 
EBW 

© ern 


b. Which symbol or symbols in question 1 (a) 
cannot be converted to a projection-weld 
symbol by changing the welding process? 


2. List five elements that can be applied to a 
projection-weld symbol. 


3. a. Identify each element given on the following 


projection-weld symbols (1 through 4). 


b. Add the element(s) missing in each of the 


symbols. 
(1) __ (5) 
1 
5 3 
(2) J 
2000N 
(6) 
C) a 
3 
(4) (5) 


4. a. How does the joint preparation for a projection 


weld differ from that for a spot weld? 


b. Prepare a sketch to illustrate this. 


. Where is the projection-weld symbol located 


on the reference line? How does this differ from 
spot-weld symbol locations? 


. Apply a welding symbol to Sketch “B” that 


specifies the data shown in Sketch “A.” Add 
any other elements necessary to indicate that 
it is a projection weld. Indicate on the symbol 
that there are to be three projection welds 
with 4” diameters, spaced 2” apart. Add any 
other elements necessary to indicate that it is a 
projection weld. 


SKETCH “A” SKETCH “B” 


. Is the projection-weld symbol used to denote a 


both sides significance? Explain. 
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8. a. Locate the projection-weld symbol on the 
reference line of the welding symbol in 
the following sketch to indicate other side 
projection welds. 


b. Add the necessary elements to indicate that 
six projection welds are required. 


c. Add the element that specifies a shear 
strength of 200 pounds per projection weld. 


9. What is the significance of the welding symbol 
shown in the following illustration? 


Seam Welds 


A seam weld is a continuous weld made on or between overlapping members of a joint. It is a continuous 
weld that may consist of a single weld or a series of overlapping spot welds. The seam-weld symbol, —— 
may have an arrow side or other side significance, Figure 20.1(a) and (b). Because of the nature of the weld, 
the symbol is not used with a both sides significance. When an arrow side or other side significance is not 
intended, the seam-weld symbol is located astride the reference line, Figure 20.1(c). When the symbol is so 
shown, it indicates the weld is located between the members. A tail must be used with this symbol to indicate 
the process reference. 
Dimensions that can be applied to the seam-weld symbol include: 


M™@ Size of the weld expressed in fractions or decimals of an inch (with or without inch marks) or in millime- 
ters when the drawing is metric. 


™ Strength of the weld in terms of the shear strength of the weld in pounds per linear inch or in Newtons 
per millimeter. When expressed in Newtons, the letter “N” is added to the value. 


® Extent of the weld. 
M™ Center-to-center spacing (pitch) of the weld. 


Dimensions are applied on the same side of 
the reference line as the weld symbol. When the —¢ == a 


symbol is located astride the reference line, 


the dimensions can be placed on either side fa (c) 
of the reference line. 

The size of a seam weld is placed to the left \ Seon 
of the symbol and indicates the width of the ib) 


weld, Figure 20.2. 

The value for the strength of a seam weld is 
placed to the left of the symbol, and is used in 
place of the size dimension when the strength of 


the weld is a required specification, Figure 20.3 fe Se EBW 
and Figure 20.4. : 
The dimension for the length or extent 0.75 
, RSEW RSEW 
of a seam weld is placed to the right of the / 50 Ss < 


symbol, Figure 20.5. However, when the 
weld extends the full length of the joint, or FIGURE 20.2 m Size of a seam weld. 
when it extends the full distance between 


abrupt changes in the direction of welding, 
the length dimension is not necessary. ~_ ail ve 

When the seam weld extends less thanthe 500 ‘ 
full length of the joint, or less than the dis- _— . 
tance between abrupt changes in the direction rseyy— RSM og Se 
of welding, the extent of the weld is shown, 
Figure 20.6 and Figure 20.7. FIGURE 20.3 m Strength of a seam weld. 


FIGURE 20.1 m Seam-weld symbol with process reference. 


|= 
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NOTE: WHEN SIZE ISUSED IN MIN. ACCEPTABLE 
PLACE OF STRENGTH SHEAR STRENGTH 
IT REFERS TO THE 200 LB/LIN. IN 
EBW WIDTH OF THE WELD A 


VV 


DDD PDD DD>DDID> DD) DD DID) >> fmm 
A 


SYMBOL SIGNIFICANCE 


SECTION 
A-A 


FIGURE 20.4 m Application of the strength dimension to a seam-weld symbol. 


4 
EBW GTAW 
3 
5 


FIGURE 20.6 m Method for showing extent of a seam weld 
FIGURE 20.5 m Length of seam welds. when it extends less than full length. 


GTAW 


0.25" 


ORIENTATION AS SHOWN 


A SECTION 
N AWI 
ON DRAWING ree 


SYMBOL SIGNIFICANCE 


FIGURE 20.7 @ Application of dimensions for the size and extent of 
the weld to the seam-weld symbol. 


When the center-to-center spacing (pitch) eae 
dimension for intermittent seam welds is to be hea 
shown, it is placed to the right of the length a 
PITCH 


dimension, Figure 20.8 and Figure 20.9. LENGTH 


A welding symbol specifying the length 
and pitch of a seam weld without reference to ae eae oe 


a detail drawing signifies the length and pitch 


are measured parallel to the axis of the joint \ == 3-4 fasew 
to be welded. 

When an intermittent seam weld is not Oeoti 
made parallel to the joint or axis of the weld, / S 3-4 < 


a detailed drawing must be used and reference 
made to it in the tail of the arrow. Forexample, FIGURE 20.8 m Application of center-to-center (pitch) dimension. 


the weld shown in Figure 20.10 is to be made 
at right angles to the joint. 


0.30” 1-2 
Se fsew 


a 


SYMBOL 
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A-A 


A 
¢ OF WELDS 


SIGNIFICANCE 


FIGURE 20.9 @ Application of the size, length, pitch dimensions, 
and process reference to the seam-weld symbol. 


"A 


2" 


DETAIL “A" SYMBOL 


SECTION A-A 


fohhode 


SIGNIFICANCE 


FIGURE 20.10 m Method for showing the orientation of a seam 
weld not parallel to the joint or axis of the weld. 


FLUSH-CONTOUR 
SYMBOL 


The flush-contour symbol may be applied to 
the seam-weld symbol to indicate the member 
to be made flush. When a flat finish is required, 
a note is placed in the tail to indicate this. 
The method for a postweld finish may also be 
indicated, Figure 20.11. These are not applied 
to the seam-weld symbol when it is centered 
astride the reference line as a weld between 
members is indicated. 


MULTIPLE-JOINT 
SEAM WELDS 


For multiple-joint seam welds, where one or 
more pieces are inserted between the two outer 
members, the same symbol and elements are 
applied to specify the weld as are used for the 
two-member joints, regardless of the number 
of pieces inserted, Figure 20.12. In such cases, 
the symbol has an arrow side or other side sig- 
nificance only. 


FIGURE 20.11 m Flush-contour symbol applied to the 
seam-weld symbol. 


SECTION A-A 


SYMBOL 


SIGNIFICANCE 


FIGURE 20.12 m Multiple-joint seam weld. 
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UNIT 20: REVIEW 


Graph paper is provided at the end of this review for your use. 


1. List six elements that can be applied to the d. 
seam-weld symbol. pee 3000N 
e. Sa 
EBW 
60 mm es 


6. a. In the left- or right-side view below, show 
how the weld should appear as specified in 
the center sketch. 


b. Indicate the significance of the 2000N value. 


2. What element, if any, is added to the seam-weld 
symbol to differentiate it from the spot weld? 


3. Why is a seam-weld symbol used with only a 
one side significance? 


7. Correct the following welding symbol by sketch- 
eS ing it correctly. 
4. a. What is indicated when the seam-weld symbol 


is located astride the reference line of the 0.42-200 
welding symbol? 


b. Sketch how the weld should appear. 
8. How should the welding symbol be shown in 


the sketch on the right to denote the seam weld 
shown on the left? 
5. What is the meaning of each element shown on 
the following welding symbols? ’ 


9. When a seam weld is not to be made parallel to 
the joint, how must this be indicated? 


a. 4 eae 
EBW 
b. == 
EBW 
300 eevee 
C. re 
RSEW 
i 2-20 \y 
2 
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10. Referring to the welding symbol in the right- 


11. 


hand sketch, illustrate the significance of the 
elements of the welding symbol on the left- 
hand and center sketches. 


a. Is the arrow side, other side application of 
the seam-weld symbol to a multiple-joint 
seam weld different from its application to 
a single-joint weld? 


3 
8 


SG F-14 
— 4° '4 


b. Give a reason for your answer. 


c. Is there any difference in the elements applied 
to the seam-weld symbol for the multiple-joint 


seam as compared to the single-joint seam 
weld? 


Give a reason for your answer. 


12. 


13. 


[4 


15. 


a. 


What welding process is indicated in the 
following welding symbol? 


EBW 


. What is the strength specified? 


. What is the length and pitch of the seam weld? 


Length 
Pitch 


When a welding symbol refers to a detail 
drawing, where is this information located 
on the symbol? 


When is a flush-contour symbol not applied to 
a seam-weld symbol? 


Sketch a welding symbol for a seam weld specify- 
ing a postweld finish. 
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ee ee ee a eae 
BESS RERERERRESS RSH RSPAS SESE PERTH AD AS ASAE ERR PRE ER SERS 
SRR ERE RSESERR SARA RACER EAA ERS SRM SARS SRA SAE RS RESSA A SSA SSRASERRSSE 
BERENS ERR RRR ERA RARER PS ARES RE SSO RARER SORE SRR A AAPA RRS RAEE 
PA ep ee ee ee Py | 
Pt tt? TT tT tet eT tT tT TE TT TT TE TT Td TdT PT TT TdT ET PT TT Tc PT PT PT Tr PT FT PT PT Td VT | PT PT TL Tc TdT PT PT Td Td FT ET PT PT TV | TE TE TE TT ETT 
SRS SESRRRSe Rees PERSE RSS AER PARR PERRIS REESE 
BPR RRR SSeS REE ORES AREER ET ATER SARE SESS Te SPRUE 
RERERERESE REECE S RASA RRR AAA EARTH ASHES SAREE SAREE 
BERRA RG AAS CROAT E PARRA S ASSAF REARS SAAS RENEE GASES ERASE 
SRR ERR RAR RASS SARA ASSRR AAU RRA AMA SERRA SERENE 
SEER ERE RR ROSES SEK ARMS SAMEERA RRA See PERE SEAR RSE EES 
pds 
SERRE RESR EERE PABA SARA RER SERED SEARRARRE RASA RARES ERAS 
SESS RSS PR SRE SAHRA SS RAPE RE RASSRORSASD PEASE RR SAREE R ERR RR SSERE EES 


Ses ReS ERR PEEK AREER RARER SRRRAASE SE TSR SARA SARE RARS SMEAR ARS CRATE 
a ee ee 


SRSRRREE CARRERA SERRA ARRAS RARER RAEI ARATE PARRA RRRRRERE SRR Re A 
Re SSRERS SERS SESS ES AAPA R AER AAA SAPS SUES STEERS EASES 
ee ee a 


Stud Welds 


Stud welding can be described as the joining of a metal stud to another metal workpiece by means of arc, 
resistance, friction, or other appropriate welding process. 

The stud-weld symbol is always shown placed below the reference line, Figure 21.1, with the arrow of the 
welding symbol pointing to the surface to which the stud is to be welded. An arrow side significance is applied 
to the symbol. However, it is not used with an other side or both sides significance. 

When specifying a stud weld, the arrow of the welding symbol points to the surface to which the stud is to be 
welded and not to a prepared joint. Therefore, the arrow is not shown with a break when indicating stud welds. 

Three elements may be applied to the stud-weld symbol: stud size (diameter), stud spacing (pitch or center- 
to-center spacing), and the number of stud welds. The stud size dimension is placed to the left of the stud-weld 
symbol, the number of stud welds is placed in parentheses below the symbol, and the pitch is placed to the 
right of the symbol, Figure 21.2. The length of the stud is shown on a detailed drawing. 

To show the location of studs to be welded in a straight line with equal center-to-center spacing, the spac- 
ing (pitch) dimension is applied on the right side of the stud-weld symbol. In addition, the location of the 
first and last stud is dimensioned on the drawing. A welding process reference stud weld (SW) is included in 
the tail, Figure 21.3. 


Bos IS ALWAYS &) 
LOCATED ON ARROW SIDE 


FIGURE 21.1 m Shape and location of stud-weld 
symbol. 


3 3" 
8 4 SYMBOL 
/ 


\ 
\ / 
\ sTuD SIZE 4——SPACING OR PITCH 
(DIAMETER) (3 ON CENTER) 
3 3 
"4 &) f 8 &) 
(8) \ at 
f \ 4 
« -NUMBER OF . - 
STUD WELDS \l/ 


APPLICATION OF SIZE, 
NUMBER, AND PITCH 
OF STUD WELDS 


SIGNIFICANCE 


FIGURE 21.2 m Application of size, pitch, and number of 
stud welds to the stud-weld symbol. FIGURE 21.3 @ Dimensioning equally spaced stud welds. 
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When stud welds are to be made in a straight line with unequal spacing, or in a configuration other than a 
straight line, the location of each stud must be dimensioned on the drawing, Figure 21.4. Note that multiple 
arrows may be used in such cases. 


FIGURE 21.4 m Dimensioning unequally spaced stud welds. 
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UNIT 21: REVIEW 


Graph paper is provided at the end of each review for your use. 


1. Identify the elements applied to the following 3. Complete the following sketch by adding a 
welding symbol: welding symbol to indicate four stud welds 

centered on the workpiece and in a straight 

line, 3” on center with %” stud size. Include all 

dimensions necessary for locating the stud welds. 


“SW 
7 3 TYP Use hypothetical dimensions where necessary. 
4 
(6) 
\, 
3 
(6) 
4. Complete Sketch B by adding a welding symbol 
ow to indicate the stud welds required in Sketch A. 
TYP Include all necessary dimensions. Stud size is 
%* and the welds are to be typical. The length 
2. a. Explain what is wrong with the following of the stud is to be 3”. 
welding symbol: 
(A) 
TYP 


b. Sketch the welding symbol in 2(a) so that it 
is shown correctly. 


SKETCHA SKETCH B 
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SUMMARY REVIEW NO. 3A 


1. Sketch the weld symbols for the following: 


Surface weld J-groove 
V-groove Spot 

Plug weld Melt-thru 
Slot weld Bevel groove 


2. Match the elements in Column B that may be 
applied to each given type of weld in Column A. 
(Items in Column B may be used more than 


once.) 
Column A Column B 

Fillet welds a. size 

b. length 
Groove welds c. strength 

d. included angle 
Projection welds e. pitch 

f. increments 
Plug welds g. side of joint 

h. extent of welding 
Slot welds i. contour 


j. method of finish 
k. field weld 
3. Sketch the appropriate symbol for each of the 
following: 
a. field weld 
b. weld-all-around 
c. convex contour 


4. List the finish abbreviations used with contour 
symbols and give the meaning of each. 


5. a. What type of information is usually placed 
in the tail of a welding symbol? 


b. Describe the significance of the references 
included in each of the welding symbols 
shown. 


(1) 
———————< cP 


— 


(9) BACKING 
WELD 
10 dy) 
7 a a4 
SAE1040 
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6. When is it necessary to use a break in the 
arrow line of the welding symbol? 


7. Draw the symbol for a 4” fillet weld on the arrow 
side made flat by chipping, and a %” fillet weld 
on the other side ground to a convex contour. 


8. With a sketch, show how a welding symbol is 
applied to indicate a slot weld. 


9. a. Describe the elements contained in the 
following welding symbol. 


2-4 


TYP 
3-5 


TYP 


b. Explain why multiple arrows are sometimes 
applied to a welding symbol. 


10. Apply the dimensions to Sketch “B” indicated 
by the welding symbol shown in Sketch “A.” 


RSEW SEE DETAIL “A” 


SKETCH “A” 


SKETCH “'B” 


11. Complete Sketch “B” to show the significance 
of Sketch “A.” 


SKETCH “A” SREIGH Bo 


12. Interpret the significance of each item of 
information on the following welding symbols. 


MACHINE 
FLAT 


- 


a 
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16. Complete the following welding symbol to 
indicate the weld required. 


13. a. Identify the joints shown in the following 


sketches. 
b. Identify by name each of the weld symbols 
indicated. 
(1) (a) 
(b) 
(2) (a) 
(b) 
(3) (a) 
| | (b) 
LJ 
(4) (a) 
t(j U 
(5) (a) 
(b) 


14. How is a thermit weld indicated on the welding 
symbol? 


15. Describe the difference between a weld symbol 
and a welding symbol. 


& 
= 
| tecnees| = 


COVITUOR IPF adDaLt 


= 
yb BANS 
"7a OdUNe 


WELD REQUIRED: 
ws 3" 

a3 

FILLET WELD-ALL-AROUND 


17. Complete the following welding symbols by 
adding the weld symbols indicated. 


a. An arrow side fillet weld made in the field. 


NN 


b. An other side fillet weld-all-around made in 
the field. 


ON 


18. Show the preparation of the joints by using 
dotted lines and the welds formed by using 
solid lines for the following symbols: 


a. 3 
8 
3 
8 


= 
a) 


N |= 


a 


qe 


19. Apply a welding symbol to the following sketch 
using a double reference line to indicate square 
groove welds on both sides, followed by fillet 
welds on both sides. 


ply 


20. a. Which weld is the first weld to be made as 
indicated by the following welding symbol? 
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Zk. 


b. Describe each of the elements shown. 


-(O,%*2 


BACK GOUGE 


. Prepare a sketch that illustrates the welds 


required by the welding symbol in 20(a) 
with application to a T-joint. Include the 
welding symbol shown in 20(a). 


. Identify the sequence of welds specified in 


the following welding symbol: 


(1) 
(2) 
(3) 
. When is the back gouging to be performed? 


. Describe the dimensions applied to each of 


the weld symbols shown in 21 (a). 
Cg. 


22, 


2% 


2A. 


2); 


26. 


Explain the significance of the elements shown 
in the following welding symbol. 


DET. “B”’ 
DWG. #3 


Complete the welding symbol for the following: 
a single V-groove on the other side, grooved to 
a depth of 4”, 4” groove weld size with 7%” root 
gap or spacing and a groove angle of 65°. Weld 
is to be a flat contour with an indication that 
the method of finish is unspecified. 


Sketch the weld symbol used to indicate 
a weldment with a backing. Include an 
indication that the backing material is to 
be removed. 


Complete the welding symbol to indicate the 
following: a single V-groove weld on the arrow 
side, grooved to a depth of %” with '%” root 
opening and 65° included angle. Weld to be 
chipped flat-faced on arrow side. On the other 
side there is to be a back weld, which is to be 
ground to a convex contour. 


NN 


Complete the welding symbol to indicate the 
following welds: 


P ain CONVEX 
POSTWELD FINISH oul Lee | 


TO BE 8 
MACHINED FLAT 


27. 


28. 


29. 


30. 


JL, 


a2. 


22: 


Complete the welding symbol to indicate spot 
welds of 600 pounds shear strength per spot to be 
spaced on 2” centers. Weld is to be on arrow side. 


— 


Complete the welding symbol to indicate 

six spot welds with a shear strength of 2000 
Newtons per spot, pitch of 50 millimeters, 
welds to be on the other side, and process to be 
electron-beam welding. 


> 


Where is the depth of filling placed on the slot 
welding symbol? 


How does a slot weld differ from a plug weld? 


Complete the welding symbol to indicate 
intermittent seam welds with a shear strength 
of 3000 pounds per inch. Welds to be 2” long 
on 5” centers, and are to be welded flush on 
arrow side. Welding process to be gas tungsten 
arc welding. 


Complete the following symbol to indicate 
a %o" thick surfacing weld on arrow side 
machined flat. 


—— 


a. Sketch the symbol required to indicate the 
following slot weld. Include reference to 
Detail “A.” 


NOTE: REFER TO 


ae 


a. 


30. 


SS 
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b. Show how the weld would appear using 
Sketch “B” for this purpose. 


DEPTH OF FILLING 7 


DETAIL “A” 


ul 
2 
SKETCH “A” SKETCH “B" 


Sketch the welding symbol that indicates the 
following weld. 


80° 
~/ 3/4 DIAMETER PLUG WELD WITH 
; b FLAT CONTOUR, MACHINE FINISH, 
8” PITCH BETWEEN WELDS, 
MATERIAL ACCORDING TO 


SPECIFICATION “C” 


ON 


Give the significance of each of the elements 
shown in the following welding symbol. 
Prepare a sketch that shows the welds required 
for the symbol given. 


1 1 
as 
SAE 1020 


SAE 1020 


Sketch the welding symbol that will indicate 
the joint preparation and other elements 
required for the following illustrations. 


CLASS #3 
CONSUMABLE 
INSERT 


BACKING 
MATERIAL TO 
BE REMOVED 


NOTE: SIZE OF BACKING IS tx t 


244 ug Blueprint Reading for Welders 


37. Apply a welding symbol to the following sketch 


38. 


39. 


40. 


to specify an edge weld with a 4” thickness. 


hs 


Complete the welding symbol below to 
illustrate a “4” plug weld on the arrow side with 
angle of countersink 30° and 6” spacing. Weld 
is to have a flat machine finish. 


————_ 


Draw the weld and show all dimensions given 
on the following symbols: 


3 
a. 8 
3 
8 + 
_ ft ? 
b. 3 45° 
16 
i. ° 1" 
16 ‘2 
C. 1 1 
> BACKING 
WELD 


tesertpmneenton 
Ley 


List the information given on the following 
symbols: 


b. ‘ies 


SEE 
DETAIL 
DWG. 


GTAW 
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g. T L ae. 
CO 8 3 
STD 2-8 (6) 


h. NOTE m. SEE 


#1 SPEC #3 


N. 
PW 


O. 
3,3 [ao 
8° 4 ul 
SAE 1010 4 
(5) 


41. Sketch three joints to which the edge weld 
symbol may be applied. Identify those joints 
that primarily have application to sheet metal 


TYP joinery. 


BACK- 
GOUGE 
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i 
Y 
N 
|_| 
< 
Le ) 
fe) 
z 
> 
— 
> 
Li 
te 
S. 
i 
< 
= 
= 
_ 
wy 


PRESS ARR SR SRE ORAS CREEPER E DRESS SSA EERE RARER ELSES SRS 
oe Me ES Ed ee Lee 


eed 


j 


Ses eEe PARAS RE SHARPE RSE PRESSE ARA AERA ESE SEER RADARSAT 
eh ER ee ee Pe ee ee ee 
SRS RS REs PRR EK RSE RAE REREAD PEEE SHR REORE ARERR RARE 
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' J Le : i 


VIEW IV 


1" 


154 


FASS 


ON 


en 


ASSES 


it 


Y 
a 


3" " a 
1-PL 7X 16 X 187 


SYMMETRICAL 
ABOUT G 


- 
1-BAR 1" X 5" X 65(B) 


1" 4" 
1-PL X 185 X 615 


ABOUT BEND (A) 


1-BAR O74 X 


= 


ieenonianmnes: 


1-BAR (B) 


SECTION A-A 


VIEW Ill 


tition 


Seki 


“ 
4g 


PARTS REQUIRED 
MOTOR SUPPORT FRAME 


WELD 


CONSTR. 


SSS 
WA 


Re bs ee 13" 
1-PL2" X 64 X75 (C) FINISH T0176 


1-BAR (B) 


NOTE #3 


. ALL GROOVE WELDS MADE WITH 
COMPLETE JOINT PENETRATION. 


. WELDS STRESS RELIEVED AT 1150° F 
FOR ONE HOUR. 


. LEGS OF ALL FILLET WELDS TO BE 3/8' 


UNLESS OTHERWISE DIMENSIONED. 
. THERMAL CUT OPENINGS SHOWN IN 


2 REAM, 4 HOLES FOR 


(FLX 


iv 


X 81" ABOUT BEND 


‘4-PL (A) 


eer 
1-PL @ X 16" X 185 


PARTS REQUIRED 
3/8" X 90° ELBOW 


@ .375 


DRILL FOR 


| 
(Ax 
| 


ASSEMBLY 


PLATE "A". 


@.750 DRILL 
FOR 
3° 


1-BAR © 6" X43 


VIEW Il 


PARTS REQUIRED 
6" DIA X 4 3/8" 


@1.187 DRILL 


FOR (5) 


1-BAR 1" X 4" X 17" — (D) 


3/8" PIPE X 4LG 


7 1/2" DIA X 4 3/8" 


19/16" X 7 1/4" HEX NUT 


1 1/2" CP HEX NUT 


F525A 


3/8" PIPE COUPLYING 
3/8" ALEM. 1714 FITTING 


BAR 1" X 4" X 5 1/4" 
BAR 1" X 5" X6 1/2" 


1 1/2" X 4 1/2" FIN BOLT 


1 1/8" X 3 5/8" SQ HD BOLT 


1 1/8" LOCK WASHER 


SETS OF SHIMS 

EACH SET CONSISTING 
2-1/16"THICK 

2-1/32" THICK 


BAR 2" X 6 1/4" X 7 1/2" 


DRAWN BY: L.J. SIY 


PL 3/4" X 15 1/4" X 24 


SCALE: 1/8" = 1" | 


PL 3/4" X 16 X 18 1/4" 


1 1/8" CP HEX NUT 


1 1/2" CP HEX CHECK NUT 


PL 1" X 18 1/2" X 61 1/2" 


TWO TROLLEYS FOR 20 TON 
ORE BRIDGE TROLLEY DRIVE 


3/8" PIPE X 6 7/8" LG 


3/8" X 90° STREET ELBOW 


alr frm}a}a]}a}r}a}o 


PL 1" X 31-1/2" X 6-9" 


EDITOR'S NOTE: REDUCED PRINT. FOLLOW STATED DIMENSIONS ONLY. NOT TO BE SCALED. 
A LARGER DRAWING IS PROVIDED AT THE BACK OF THE TEXT. 
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SUMMARY REVIEW NO. 3B 


The questions that follow refer to the Motor Support Frame drawing, page 249. 


. Name the views that are used to show the part. 


. a. List the types of lines used on the print. 


b. What type of line is used to show the bend 
line? 


c. Identify the methods for making circular 
holes in the part. 


. How are openings designated by the letter “A” 
to be made? 


. a. What size hole is specified for the 11%” 
square head bolt? 


b. What tolerances are specified for holes? 


. Give the dimensions for distances: 

@® Oe 
© @ 
a 2 
OQ @_ 


. List the overall dimensions of the part. 


. A %” thickness of shims is specified for one of 
the parts. Give the number and sizes of shims 
to be used to make up this thickness. 


8. 


10. 


11. 


ies 


3, 


1. 


15; 


16. 


7. 


18. 


What types of structural metal shapes are 
needed to fabricate the part? 


. Sketch the symbol used on the print to signify 


a pipe thread. 


How many surfaces are to be finished? 


What method of dimensioning is used? 


a. List a general note found on the print that 
refers to the size of the fillet weld. 


b. Show the significance of this specification by 
means of a sketch. 


Sketch the different welding symbols found 
on the drawing. Explain the significance 
of each. Use graph paper provided for 
answers. 


What is the groove weld size of all groove welds? 


Why are joints welded on both sides? 


Sketch those symbols found on the print that 
indicate that joint preparation is required. Identify 
each. 


Identify the views shown on the drawing. 


How many 2” X 614” X 714” plate pieces are 
required? 
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19. Identify Item 12 as listed on the print. 21. a. Sketch the symbol for a finished surface. 


20. List two dimensions found in the section drawing 
considered to be reference dimensions. 


b. How many surfaces are to be finished? 
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Applied Metrics 
for Welders 


INTRODUCTION TO METRICS 


The primary system of measurement used by most of the world is the metric system. The word “metric” is 
derived from the Greek word “metron,” meaning measure. This system is often identified by the initials SI, 
which is the abbreviation for Systems Internationale. 


STRUCTURE OF THE METRIC SYSTEM 


Base Units 


The metric system consists of three classes of SI units: (1) base units, which are units of measure; (2) supple- 
mentary units, which apply to the measurement of angles; and (3) derived units, which are adaptations of 
base and supplementary units. 

There are seven SI base units of measure: 
(1) the meter (or metre) for length; (2) the kilo- 


gram for mass (or weight); (3) the second for 
time; (4) the ampere for electric current; (5) the Quantity Represented Name Symbol 


candela for intensity of light; (6) the mole for Length meter Pf} om | 
amount of substance; and (7) Kelvin (or Celsius) 

for temperature. Although the Kelvin is listed Mass kilogram =| |g | 
as the base unit for temperature, the degree Tine second =| | os 
Celsius is generally used in place of Kelvin. 

Celsius (abbreviated C) has replaced the previ- Electric current Hampere = | | A 
ously used term centigrade. On the Celsius tem- | , 
perature scale, 0° represents the freezing point Temperature Kelvin or Celsius) | | KC) | 
of water and 100° represents the boiling point Amount of substance |mole =| | ma 


of water. 
Table 22.1 illustrates the seven SI basic units Luminous intensity 


of measure and the symbols used to represent 


them. TABLE 22.1 m SI base units. 


Supplementary Units 


There are two supplementary units, the radian and 
the steradian, as indicated in Table 22.2. Quantity Represented Name Symbol 


The radian is the unit used to represent a plane | radian =| | rad | 


Plane angle 


angle, which is equal to 57.3°, Figure 22.1. Since 

one radian represents a relatively large angle of mea- Solid angle steradian 
sure, it is not often used on a drawing, except in 
cases when it is essential that SI units be maintained JABLE 22.2 m SI supplementary units. 
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AREAr 


ONE STERADIAN 


FIGURE 22.1 m The radian. FIGURE 22.2 m The steradian. 


throughout the drawing. In such cases, values of less than 57.3° are shown as decimal fractions of a radian. For 
example, 11° 30’ would be shown as 0.20 radian (11° 30’ + 57.3° = 0.20 rad). Note that one degree approximates 
0.017 radian. This value can be used as a constant for converting a degree value to a radian value and, conversely, 
to change a radian value to a degree value. 


Examples: To change 5° to a radian value, multiply 5° X 0.017 = 0.085 radian. 
To change 0.35 radian to degrees, divide 0.35 by 0.017 = 20.6°. 


Although not a part of SI, the degree (°), minute (’), and second (”) symbols are generally used on draw- 
ings to represent plane angle dimensions. When an angular measurement includes minutes and seconds, it is 
preferred practice to show the minutes and seconds as a decimal fraction of a degree. For example, on a metric 
drawing, 30° 14’35” is best shown as 30.25° or 30.3°. 

The steradian is the SI unit of measure for a solid angle. Such an angle has its vertex in the center of a sphere 
and cuts off an area of the surface of the sphere equal to the area of a square having sides the same length as 
the radius of the sphere, Figure 22.2. 

Solid angle dimensions are not generally shown on two dimensional drawings. Reference is rarely made to 
steradian as a dimensional value. This unit is more likely to be used in technical data dealing with lighting. 


Derived Units 


Derived units are SI quantities obtained by combining base and supplementary units. The formation of a 
derived unit may involve multiplying or dividing a unit by itself, by another base unit, or by a supplementary 
unit; or it may be accomplished by directly combining units into a single expression. 

Derived units are developed as needed. The following examples show how these units are derived. In the 
examples shown, a diagonal line (/) is used to mean the mathematical process of division (+), and a raised 
dot (-) is used to indicate multiplication (x). 


1. Multiplying m-m (meter squared) produces the derived unit for “area.” The derived unit symbol is m*. 


2. Multiplying m-m-m (meter cubed) produces the derived unit for “volume.” The derived unit symbol 
ism’. 

3. Dividing watts by amperes (W/A) produces the derived unit volt for “electromotive force.” The derived 
unit symbol is V. 


The list of derived units is extensive, having application to electricity, lighting, mechanics, and welding. 
Derived units concerned with welding are illustrated in Table 22.3 (as identified by the American Welding 
Society). 
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Quantity 
Represented 


Area dimensions 


Name a 


| square millimeter | | square millimeter | 


ampere per Almm? 
square millimeter 


kilogram per hour fl kg/h 
fom || om 


Newton 
(upset, squeeze, hold) 


Current density 


Deposition rate 
Electrical resistivity 


Electrode force 


Flow rate 
(gas and liquid) 


liter per minute ue 


Fracture toughness | megaNewion meter | | MNem-3!2- 
Impact strength joule =| deem | 
Linear dimensions | milimeter =f | mm 
Pressure 


eal [sa 


Croat 
eat ntti [| Wi 
omen || oe 
Cetin eet [| om? 


millimeter per second mm/s 


(gas and liguid) 
Tensile strength 
Thermal conductivity 
Travel speed 
Volume dimensions 


Wire feed rate 


TABLE 22.3 m Derived units pertaining to welding. 


METRIC PREFIXES 


In order to specify different values of metric 
base units of measure a set of prefixes is used, 
Table 22.4. When a prefix is applied to a base 
unit, it increases or decreases its value. A prefix 
that increases the value of a base unit is termed 
a multiple, and one that decreases its value is 
termed a submultiple. 

The kilogram, for mass (weight), is the 
only base unit that initially contains a prefix; 
however, double prefixes are not applied to 
base units. In this case, it is standard practice 
to apply a prefix to the gram and not to the 
kilogram. 

Prefixes represent powers of 10 and are com- 
parable to the decimal numeration system illus- 
trated in Table 22.4. 


Decimal Numeration Metrix Prefix 
thousandths—1/1000 


hundredths—1/100 


milli 


Decrease 


centi 


tenths—1/10 deci 
tens—10 deka 


Increase 


hecto 
kilo 


hundreds—100 
thousands—1000 


TABLE 22.4 m Comparison of decimal numeration to prefixes. 
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ISO INCH AND ISO METRIC SCREW THREADS 


Screw thread designations on metric drawings are preferably shown in either ISO unified inch or ISO metric 
sizes. ISO is the abbreviation for International Organization for Standardization, which is concerned with 
establishing standards for industry worldwide. (See Unit 26 for more information. ) 

ISO has recommended certain of the American screw thread sizes for use with SI. These include a selected 
assortment of National Coarse (NC), National Fine (NF), and National Extra Fine (NEF) thread sizes. They 
are identified by the addition of the capital letter “U” (meaning unified) to each of the abbreviated thread 
classifications: 


UNC for Unified National Coarse 
UNF for Unified National Fine, and 
UNEF for Unified National Extra Fine. 


It should be noted that certain American screw thread sizes not classified as unified (for example, -—13NC) 
will also be found on prints during the transition period to metrics. 

The elements applied for designating an ISO inch (unified) thread size on a metric drawing are illustrated 
in Figure 22.3. 

Metric threads have the same basic form as the American National Thread. That is, each thread form has an 
included angle of 60°, Figure 22.4. The principal difference in the forms is that a metric thread has a greater 
depth in the cut of the thread. The manner in which an ISO metric size is designated on a metric drawing is 
illustrated in Figure 22.5. 


5713 UNC —2A—LH 
“\_ SIGNIFIES LEFT HAND 
(NO DESIGNATION INDICATES 


RIGHT-HAND THREAD) 


SIGNIFIES EXTERNAL THREAD 
(LETTER ‘‘B’’ WOULD BE USED 
FOR INTERNAL THREAD) 


SIGNIFIES CLASS OF FIT 
(INDICATES A NORMAL 
FIT 1S REQUIRED) 


UNIFIED NATIONAL COARSE 


SIGNIFIES 138 THREADS PER INCH 


MAJOR DIAMETER OF THREAD Ist 
FIGURE 22.4 m Thread form of ISO inch 


FIGURE 22.3 m ISO inch (unified) thread designation. Sad 1SO wine ueads. 


M16X2-—6g 
\ INDICATES TOLERANCE APPLIED 

TO EXTERNAL THREAD. USE OF 
CAPITAL LETTER “H’’ WOULD 
INDICATE APPLICATION TO 
INTERNAL THREAD 
CLASS OF FIT (SIGNIFIES NORMAL FIT) 
PITCH (INDICATES THAT DISTANCE FROM THE 
TOP OF ONE THREAD TO THE TOP OF THE 
NEXT THREAD MEASURES TWO MILLIMETERS, 
2 mm) 

h MAJOR THREAD DIAMETER IN MILLIMETERS 

B (16 mm) 


SIGNIFIES METRIC THREAD 


FIGURE 22.5 m ISO metric thread designation. 
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PIPE THREAD DESIGNATIONS 
ON METRIC DRAWINGS 


Dimensioning data for American Standard Pipe 
Threads is applied in the same form to both 
metric and nonmetric drawings. There are two 
types of designations for this thread: National 
Pipe Taper (NPT) and National Pipe Straight 
(NPS). The NPT thread is a tapered thread 
with a taper of 0.75” per foot. The NPS thread 
is a straight thread. Each type has application 
for particular types of joint requirements. The 
included angle of a pipe thread form is 60°. 
The manner in which National Pipe Threads 
are designated is illustrated in Figure 22.6. It 
should be noted that National Pipe Threads 
derive their sizes from the nominal sizes of the 
pipe to which the threads are applied. 

A list of coarse and fine metric thread sizes 
is shown in Table 22.5. Note that for coarse 
threads (also sometimes identified as standard 
metric threads), prefix M and the diameter (in 
millimeters) is used for specifying the thread. 
For fine threads, the prefix M, diameter (in 
millimeters), and the pitch (in millimeters) 
must be used. The pitch represents the distance 
from the crest of one thread to the crest of the 
next thread. 


MATERIALS IN 
METRIC SIZES 


Many components shown on metric prints can 
be fabricated from materials that are available 
in standard metric sizes. However, when mate- 
rials in metric sizes are not available, materials 
in inch sizes that most closely match the metric 
sizes are used. In certain cases, it may be neces- 
sary to machine the material to the metric size 
required. This is true particularly when there 
is a significant difference between the inch size 
material that is available and the metric sizes 
that are specified for a fabrication. 


1 
15 — NPS 


} \ anon PIPE STRAIGHT 
i NOMINAL SIZE OF 


THREAD IS 1 f 


1 — NPT 


) Ls crrowan PIPE TAPER 
J NOMINAL SIZE OF THREAD IS 1” 


FIGURE 22.6 m Pipe thread designation. 


Nominal 


Size 


oO; ao jn mT on 


Coarse Fine 
Pitch Thread Thread 
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ce Pwr 
CP are 
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re Pe Fai 
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M24 x2 


TABLE 22.5 m Listing of coarse and fine metric thread sizes. 


As more materials become available in standard metric sizes, the problem of conversion will be reduced. 
In the meantime, the welder should be able to convert metric to inch and inch to metric dimensions to select 
material sizes that will be most economical in the fabrication of a weldment. 

The most common metric value found on a print is the millimeter. Tables of inch—millimeter conversions 
are contained in Appendix 1. Mathematical constants that may be used for making conversions, in the event 


conversion tables are not available, are shown in Table 22.6. 


Note that when converting an inch value to a millimeter value a multiplication process is used. The same 
constants may be used to convert a metric value to an inch value. In this case, the inch value is divided by the 
appropriate constant. Examples of these processes follow (the underlined figures are the constants): 


Inch(es) to millimeter(s) 
16” X 25.4 = 406.4 mm 
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Linear Conversion 
From | To |__| Mulily by 


Area Conversion 


square inches square millimeters — 645.2 


Volume Conversion 


cubic inches cubic millimeters a 1.639 


cubic feet cubic meters 0.028 


TABLE 22.6 m Constants for metric conversions. 


Square feet to square meter(s) 
20 square feet X 0.093 = 1.86 m? (square meters) 


Cubic inch(es) to cubic millimeter(s) 
20 cubic inches X 1.639 = 19.668 mm? (cubic meters) 


Millimeter(s) to inch(es) 
173 mm + 25.4 = 6.811 inches 


Square meter(s) to square feet 
14 m* + 0.093 = 150.537 square feet 


Cubic meter(s) to cubic feet 
20 m°? + 0.028 = 714.285 cubic feet 


STANDARD PRACTICES FOR PRESENTING 
METRIC EXPRESSIONS AND DIMENSIONS 
ON METRIC DRAWINGS FOR WELDMENTS 


M® When a millimeter dimension is less than 1, a “O” is shown preceding the decimal point. Note that the 
abbreviation “mm” is not used when applying a metric dimension to a welding symbol; rather it is so in- 
dicated by a general note on the print. 


Example: 
Correct Incorrect 
0.08 mm .08 mm 


™@ A decimal point and a zero are not shown when the millimeter dimension is a whole number. 


Example: 
Correct Incorrect 
8mm 8.0 mm 


® A millimeter dimension with a whole number and a decimal fraction is not shown with a 0 following the 
decimal fraction. However, this practice does not apply to tolerance dimensioning. 
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Example: 
Correct Incorrect 
2.2mm 2.20 mm 


™ A metric dimension is given as a decimal fraction rather than a common fraction. 


Example: 
Preferred Obsolete 
0.625 mm 2 mm 


COD 


® An “s” is not added to a symbol to make it plural. The symbol without an “s” represents both singular 
and plural units. 


Example: 
Correct Incorrect 
16mm 16 mms 


™ Symbols for metric units are shown in lowercase letters, except for units derived from the names of people. 


Example: 
Correct Incorrect 
6mm 6 Mm 


M™ Metric tolerances are shown on a drawing with the positive tolerance placed above the minus tolerance. 
A zero tolerance is indicated by a 0, whether it be plus or minus. 


Examples: 
Correct Incorrect 


i | Jae <_— 3.25.0 


_ 3.25 9 Pl nae 
+0 —0.05 
ffpecermeeeccromne 3.25 9 95 ——$$ ape — 8B 2515 eames 


® Drawings dimensioned in millimeters will not show the digits separated into groups by commas or 
spaces. 


Examples: 
Correct Incorrect 
1650 1,650 
12570 12370 


™ When all dimensions on a drawing are shown in millimeters, an identification of each dimension by the 
abbreviation “mm” is not required. The same applies when all dimensions are in inches. That is, the “IN” 
abbreviation is not used following each dimension. However, when some inch dimensions are included 
on a millimeter-dimensioned drawing, the abbreviation “IN” is used after each inch value. Also, when 
some millimeter dimensions are applied to an inch-dimensioned drawing, the abbreviation “mm” is 
applied following each millimeter value. Notes, as shown below, are applied to the drawing to clarify 
the application of millimeter and inch values. 


Note: Unless otherwise specified, all dimensions are in millimeters. 


Note: Unless otherwise specified, all dimensions are in inches. 
™ A semicolon is used rather than a comma to separate metric dimensions that are shown in sequence. 
Example: 


Correct 28 mm; 16 mm; 5 mm 
Incorrect 28 m, 16 mm, 5 mm 
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® When a note or specification indicates that SI units are to be multiplied, a raised dot (-) is included be- 
tween symbols in place of a times (X) sign. However, a raised dot is not used between numbers because it 
may be misinterpreted as a decimal point. A times sign (X) is used to indicate multiplication of numbers. 


Example: 
Correct Incorrect 
C=A'S C=AXS 
17 X25 f23 


M™ Metric prefixes shown on a drawing or in specifications will generally remain the same throughout. They 
are not mixed in one expression. In most cases the prefix “milli” is used. Variations in its value are ac- 
complished by changing the location of the decimal point in the numbers being expressed. 


Examples: 
Correct Incorrect 
6 mm long 6 mm long 
x 20 mm high x 0.02 m high 


™ When converting an inch dimension not having a tolerance to a millimeter equivalent, the conversion is 
made to the same preciseness or better. For more examples, see [able 22.7. 


Example: 


Correct 16.50" = 419.10 mm 
Incorrect 16.50" = 419 mm 


Electrode Sizes Fillet Sizes 


= 


0.030 ‘8 
0.035 a 


aoa | 100 | he |S 
aos [ia |e 
ie | 189 [he =| 
es 
Is 
r 
he 
a 7 
i 
oan 


U.S. Customary (inch) Metric (millimeters) 


TABLE 22.7 m Conversion tables. 


™ Dual dimensioning including U.S. Customary units (common and/or decimal fractions) and millimeter 
units may also be found on prints; however, it is not standard practice. 


3 
a ae 


Example: 
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UNIT 22: REVIEW A 


1. For the following items, select those metric 
expressions that are presented incorrectly and 
revise them so they are correct. 


. 44mm 


os 


. .1lOmm 
. 18.67 mm 
16+ .05 mm 


oa 0 


e. 164 mms. 


f. All tolerances, unless otherwise specified, 
are ©; iii 


g. 100mm X 10m XK 25mm 
h. 30 mm dia. X 20 mm 


i. 12,750 mm 
j. 0.7 millimeters 


2. Correct the element shown in the following 
welding symbols so they are consistent with 
metric dimensioning practices. Apply the ele- 
ments as they should appear to the incomplete 
welding symbols shown on the right. 


53 mm / 


a 
4 
SPEC “A” — ALL FILLET 
WELDS TO BE 13 mm 


C. 30°15’ 


30°15’ 


3. Fill in the missing elements in the following 
table. 


Quantity 
Name Represented Symbol 
m 


ampere 


Celsius 


volt 


4. a. What is the included angle of a radian? 


b. Does it apply to the measurement of plane 
angles or solid angles? 


5. What is the preferred method for showing the 
following dimensions on a metric drawing? 
a. 26° 35’ 22” 
b. .758” 
c. 0.08736 mm 
d. 68% square inches 


6. What is the included angle of a metric screw 
thread form? 


7. Interpret the significance of each element of the 
following screw thread designations. 


= 3/4 NPS 


b. 1/4—28UNF—3B LH 
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C. M6 X 1—5g/6H C. ls F- 
4 


re d. ” Sa 
wanes: nee BS, 
- 1/2-—13NC—2 rs 


3/4—-10UNC _ {2} 
8 


8. Make the following conversions. 


a. 2.500” = mm 
b. 6 square inches = square millimeters 
c. 2.2 radians = degrees 


d. 0.8 radian = degrees 
9. What is the area in square millimeters for 8 


the following shapes? Round answers to one 
decimal place. 


a. f 10. How many millimeters of weld are required in 
10” each of the following sketches? Round answers 


| to nearest millimeter. 
a. 
|-——z». | 


70 mm 
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b. d. 

13. What is the spacing of each of the following 
welds in millimeters? Round answers to the 
nearest millimeter. 

a. 

c. _— 200 7 3” 

8mm (8) 
:2 35 mm 
b. 
a 12mm = 
11. How many square millimeters of surface weld A 
are required? Do not include the area of the 0.25" o 
hole. Round answer to nearest millimeter. (4) 


36 mm }-e- 70 —| 35 -— 
Lee 14. What is the pitch and length of the following 
ft 76 = welds in millimeters? Round answers to the 


| nearest millimeter. 
50 | NOTE: ALL DIMENSIONS 
oak, ARE IN MILLIMETERS 


12. What is the size of each of the following welds 
in millimeters? Round answers to the nearest 


millimeter. 
a. 
i" Pitch 
(5) Length 
15. How many degrees are indicated for each of the 
following angular dimensions? Round answers 
b. (9) to the nearest degree. 
0.375" a 4. 
1.08 RAD 


b. 0.44 RAD 


= UNIT 22 Applied Metrics for Welders s 265 


16. a. What is the volume in cubic millimeters of 
the cylinder illustrated? Round answer to 
the nearest cubic millimeter. 


b. How many millimeters of weld are required 
to fabricate the cylinder? Round answer to 
nearest millimeter. 


Note: All linear and welding symbol 
dimensions are in millimeters. 


18. a. What is the volume in cubic millimeters of 
the tank illustrated below? Round answer to 
the nearest cubic millimeter. 


b. How many millimeters of weld would be 
required to fabricate the tank, assuming all 
sides and the bottoms are separate pieces? 
The top is open. Round answer to the 
nearest millimeter. 


c. Add dual dimensions to each of the welding 


17. a. What is the area in square millimeters symbols in U.S. Customary units. 


circumscribed by the broken lines in the 
following sketch at the top of next column? 
Round answer to the nearest square millimeter. 


b. What is the perimeter of the area 
circumscribed by broken lines? Round 
answer to nearest millimeter. 


c. What kind of weld is required? 


19. a. In the following sketch, how many cubic 
millimeters of weld will be deposited on 


the surface to be welded? Round answer to 
d. What does the number 20 applied to the nearest cubical ieee 


welding symbol signify? 


b. On the sketch, show how the welded surface 
would appear in terms of “circumferential.” 


c. List the U.S. Customary dimensions that may 


be added to the mm dimensions. 
e. How many cubic millimeters of weld are 


required? 


6mm 


CIRCUMFERENTIAL 
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20. a. The base of the pyramid in the following 
sketch has equal sides. Its area measures 
1452 square millimeters. How many 
millimeters of fillet weld are required 
around the base of the pyramid? Round 
answer to nearest millimeter. 


b. How many cubic millimeters are contained 
in the pyramid? Round answer to the 
nearest cubic millimeter. The height of the 
pyramid is 127 millimeters. 


Note: The formula for calculating the volume 
of a pyramid is as follows: 4 X area of 
base X height of pyramid = volume. 


c. What is the length of the square groove weld 
for each of the edge joints of the pyramid? 
Round answer to the nearest millimeter. 


Note: The formula for finding the hypotenuse 
of a triangle is as follows: height 
squared + base squared equals 
hypotenuse squared (a* + b* = c’). 


d. How many cubic millimeters are contained 
in the rectangular member? 


NOTE: DIMENSIONS ARE IN MILLIMETERS. 


ZA, 


22, 


Convert the answers to 20a., b., c., and d. to U.S. 
Customary units. 


a. b. 
C. d. 


Convert the answers to questions 21la., b., c., 
and d. to U.S. Customary units. 


a. b. 
C. d. 


QUANT/ASSY PART NO DESCRIPTION 
2 A4D343A CENTER BRACE | 3 | 
goes | STRIKER a 
TYP | 4s 3882368 SIDE REINFORCING | 5 | 
Zi TYP | 4 «| 9833 CENTERSILLSEPARATOR | 6 | 
101.6-304.8 CENTER SILL TIE STRAP 
ae CENTERSILLSEPARATOR | 8 | 
_J| + a ee HOPPER END CONNECTION | 9 
TYP (7) 
254 la 254 
SECTION B-B SECTION A-A 
| ey : ) 
TYP 
(0) (2) Y) 4 (©) (5) ov 
[oo OO NG é — ‘i. = 
= Se Se eS se Se SS ee eee eee ae enn ee se SS SSS — —— —— ——— SS SS Se a i 
ly S tc =Jae 4 Pa pry ry fH Tae i | “t 1 H 
(ee aA i ee ee ae | | i 1 | t | | Ly | | | i 1 | f Km Tl 
pape eee eee a ee ee ee eee eee ee ee ance | Deg ean See |e i I Ss a ee eee ei 
(5) ; () 
587.4 | 2008.2 ———___> 1320.8 2181.2 |~a—__—_———— 1320.8 
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SECTIONS ARE AUTOMATICALLY WELDED THE GROOVE WELD 
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UNIT 22: REVIEW B 


10. 


11. 


Refer to the drawing, Center Sill Assembly, page 267. 


Graph paper is provided at the end of this review for your use. 


. Identify the views shown on the drawing. 
. Item (A) is identified as: 


. If automatic welding is carried out on the 


center sill, the penetration at the bolsters is to 


be %. 


. Describe the welds required to join item 5 to item 1. 


. a. The total overall length of the assembled 


center sill in millimeters is 


b. The tolerance allowed on the above 
dimension in millimeters is 


. The distance from corner to corner ©) is 


. Part #9A34 is known as 


It is identified as item 


and the quantity required is 


. How many of item #9 are required for each 


assembly? 


. How many center sill separators are required 


per assembly? 


What is the length of item 1 in millimeters? 


What must the ultimate tensile strength be 
across the weld for the sills? 


12. 


1 


15. 


16. 


Ly: 


a. 


The bottom of item 3 is to be flush with the 
bottom of the 


. Describe the finish and method of finish 


required at the weld required to join the 
items in 14(a). 


. What is the leg length in millimeters of the 5-mm 


fillet welds? 


Describe the welds required to join the center 
sill separator to the center sill. 


Describe the welds required at (D). 


Describe the welds required at ©). 


. What is the size of the fillet welds to be 


applied as shown in Section A-A? 


. What would this size be in inches? 


. What is the contour specified for the fillet 


welds indicated in Section B-B? 
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UNIT 


Pipe-Welding Symbols 


SYMBOLS FOR PIPE LAYOUTS 


Pipe layouts are shown through the use of single-line and double-line drawings. These drawings use special 
sets of symbols to identify the components of piping systems, including pipe, valves, fittings, flanges, and 
equipment. Figure 23.1 illustrates symbols developed and published by the American Society of Mechanical 
Engineers for this purpose. 

In addition to these symbols, a number of companies have developed their own sets of symbols, both for 
single-line and double-line drawings. An example of a set of symbols developed by a company is shown in 
Figure 23.2. Note that the company’s symbols provide for single-line and double-line representations. 

The sampling of symbols shown in Figure 23.3 is provided to show that reference to special charts for 
symbol interpretation will be necessary when fabricating pipe layouts that use company symbols. Such charts 
are usually available from the company that designs the layout and/or provides the components for the layout. 
The length of the stud is shown on a detailed drawing. 

Special symbols have also been developed to indicate the methods to be used for connecting the compo- 
nents of a pipe assembly, Figure 23.3. Note that the methods shown apply primarily to single-line drawings. 

Single-line drawings are generally used to show pipe layouts for nominal pipe sizes of less than 12”, 
Figure 23.4(a) and (b). However, this practice will vary from company to company. At times, layouts 
using smaller pipe sizes may be shown as double-line drawings. 


STANDARD ASA Z32.2.3-1949 (R1953)-REAFFIRMED 1994 


TEE 

OUTLET DOWN | 

REDUCING 
etecrine re | am 


GATE 
VALVE 
MOTOR 
OPERATED 


VALVE 
GLOBE 
(ELEVATION) 


CROSS 
REDUCING 


VALVE GLOBE 
GLOBE VALVE 
(PLAN) 


ANGLE VALVE 
REDUCER CHECK 
CONCENTRIC >< 
REDUCER RHE 
ELBOW RECENT RC VALVE 
45-DEGREE GATE 
(ELEVATION) 
SLEEVE ite FLOAT VALVE 
TEE 
ANGLE 
ELBOW SUR AVOMT S125 7. VALVE SAFETY 
90-DEGREE ee GATE 
se GATE VALVE >< | vatve 
(PLAN) 
OUTLET UP 


FIGURE 23.1 m Fitting and valve symbols for pipe fabrications used on welding drawings. 


CROSS 


STRAIGHT SIZE GLOBE 


VALVE 


MOTOR 
OPERATED 
COCK 


fee 
BEE 
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SCREWED OR 
SINGLE-LINE | DOUBLE-LINE| SINGLE-LINE 


G+3 C33 
Ot O-—3 
c—3 C—3 
eO— S— 


+643 | (Seat 3-3 


~L 


c-O-—3 


TYPE OF FITTING 


BOTTOM 


TOP 


SIDE 


BOTTOM 


TOP 


SIDE 


&+8+3 
&+-G3 3) GH &G—¢ 


BOTTOM 


BOTTOM 


LATERAL 
REDUCERS 


SINGLE-LINE 


cp 
cre 


WELD NECK 


FLANGES 
DOUBLE-LINE 


SINGLE-LINE 
FLANGES 
DOUBLE-LINE 
SINGLE-LINE 
FLANGES 
DOUBLE-LINE 
SINGLE-LINE 
MISC. 
DOUBLE-LINE 
PIPE WELD STUB IN 


ee 
4, 


WELD SADDLE 


TONGUE & 
GROOVE 


SINGLE-LINE 


DOUBLE-LINE 
WELDED 
PIPE CAP 


SINGLE-LINE 


FIGURE 23.2 m Example of a set of symbols for fittings and flanges developed by a company for use on pipe drawings. 


SYMBOL FOR INDICATING 
\ END OF PIPE 


PN ecanoe FOR THREADED 


JOINT 


SOLID, HEAVY LINE 
REPRESENTS LENGTH OF PIPE 


(a) CONVENTIONAL SYMBOL FOR (b) CONVENTIONAL METHOD FOR 
INDICATING A BUTT-WELDED JOINT. 


INDICATING A THREADED JOINT. 


7. a. 


/ USE OF BREAKS 


TO INDICATE 
POINTS ARE TO 
BE BUTT-WELDED 


aed 


(d) ANOTHER SIMPLIFIED METHOD USED TO INDICATE A BUTT-WELDED 


JOINT. 


“X" 1S THE SYMBOL 
USED TO INDICATE A 
BUTT-WELDED JOINT 


LL HEAVY DOTS USED TO 


INDICATE JOINTS ARE 
TO BE BUTT-WELDED 


NOTE: DOTS GENERALLY HAVE 
SUPERCEDED THE "’X" TO INDICATE 
BUTT-WELDED JOINTS. 


(c) SIMPLIFIED METHOD TO INDICATE 
A BUTT-WELDED JOINT. 


VARIATION OF 
SYMBOL USED TO 
INDICATE END 
OF PIPE 


XL SYMBOL FOR SOCKET 


WELDED JOINTS 


(e) CONVENTIONAL METHOD OF INDICATING SOCKET WELDED JOINTS. 


FIGURE 23.3 m Symbols used on single-line pipe layout drawings to indicate the method to be used to connect joints. 
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NO. 1 \ NO. 31 


NOTE: TYPE OF FITTING 
: FROM SPECIFIC 

“Jeo MANUFACTURER'S 

= CATALOG, 


NOTE: DOTS (@ ) INDICATE 
ALL JOINTS TO BE WELDED. 


\ NO. 71 


(a) CONVENTIONAL SINGLE-LINE METHOD. 


NO. 31 
NO. 20 
NOTES: USE T-T4” NO. 96-F WELDING RINGS 
BREAKS INDICATE AT ALL BUTT JOINTS. ALL FITTINGS AND 
LOCATIONS OF WELDS PIPE 4” STD. WT. ALL NUMBERS FROM T-T 
CATALOG NO. 311. 
= [00 
t 
SSD foe) 
| | af ; NO. 31 
Neca eee em 
T | , | 
\ i 
| c QD NO.3 
3°" 
= dB’ 5— 
6'65 
(b) CONVENTIONAL SINGLE-LINE METHOD. 
FIGURE 23.4 m Examples of single-line pipe layouts. 
TEE 
PIPE AND SOCKET 
45° ELL CHECK PIPE AND ELBOW WELD 
VALVE ELBOW THREADED 
THREADED 
90° ELL SOCKET 
WELD 
_ DETAIL “A” DETAIL “B” 
DETAIL “A (SCREWED JOINTS) (SOCKET-WELDED JOINTS) 


FIGURE 23.5 m Double-line pipe layout. 


Double-line drawings are used for pipe layouts that use large sizes of pipe and fittings (12” and over) and 
for complex pipe layouts. In the case of complex layouts, the pipe size may be less than 12”. A double-line 
pipe layout may specify several methods of connecting the pipe and fittings, Figure 23.5. 

When pipe and fittings are to be butt welded, 
the ends are beveled. For joints that are socket 
welded, the ends are squared, Figure 23.6. 

It should be noted that valves and fittings, as 
a rule, are shown on double-line drawings by 
the same symbols used for single-line drawings, 
Figure 23.7. Simple fittings, such as elbows and 
tees, are pictorially represented, using either a con- 


SOCKET WELDS 
ENON 


‘ \ 
QIZZLL LALA INECLLL LLLP 
py, ANNAARAAANT 


PIPE WITH BEVELED ENDS PIPE WITH SQUARED ENDS 


ventional or simplified method of representation. FOR BUTT-WELDED JOINT FOR SOCKET-WELDED 
Double-line drawings may include use of the JOINT (SECTION DRAWING) 

standard welding symbols to indicate the kindsof FIGURE 23 6» Preparation of pipe ends for 

welds required for assembling the components butt- and socket-welded joints. 


of the pipe layout, Figure 23.8(a) and (b). 
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VALVES SHOWN USING 
SINGLE-LINE SYMBOLS 


ELBOW SHOWN PICTORIALLY 
(SIMPLIFIED VERSION) 


DENOTES 
SOCKET- 
WELDED 


DENOTES scRew JOINTS 
JOINTS (SIMPLIFIED 
METHOD) 

SCREW JOINT 
(CONVENTIONAL 

METHOD) 


FIGURE 23.7 @ Methods for showing fittings and valves on double-line drawings. 


ALL JOINTS EXCEPT 
AS NOTED 


1 
ALL JOINTS 8 75° 


NOTES: USE T-T4” NO. 96F WELDING RINGS 
\e a AT ALL JOINTS. 


1 - 4" SCH. 40 PIPE 81 LONG 


ABARAT 
SERB 


NN 
2 - 4 SCH. 40 PIPE 473 LONG 
SNNNANAD? SANNANNS : 
3-4" SCH. 40 PIPE 273 LONG 
SECTION A-A — V-GROOVE WELDED JOINT 


4 - 4" SCH. 40 PIPE V25 LONG 


{a) 


EXISTING 8” LINE 


FIGURE 23.8  Double-line representation of pipe layout using conventional welding symbols. 


| UNIT 23 Pipe-Welding Symbols a 275 


DIMENSIONING 
PIPE LAYOUTS 


The runs of pipe ona pipe layout are shown with- 
out any indication of pipe sizes. This is also true 
for fittings and valves. Dimensioning for such 
components is accomplished by the addition of 
specifications and notes to the drawings. How- 
ever, length, height, and location dimensions are 
shown on the drawing. Location dimensions are 
applied to the centerlines of the pipe and fittings 
to serve as reference points for locating items in 
the layout, Figure 23.9(a) and (b). Dimensions 
are usually expressed in feet and inches when 
they measure more than one foot. 


METHODS OF 
REPRESENTING 
A PIPE LAYOUT 


A pipe layout can be represented by any number 
of orthographic views, Figure 23.10(a); by an 
oblique view, Figure 23.10(b); or by an isometric 
view, Figure 23.10(c) and Figure 23.11(a), and 
Figure 23.11(b). Note that each of the methods 
shown in the figure illustrates the same pipe 
layout. 


Ad 
ane 


(a) ORTHOGRAPHIC VIEWS. 


f 
{(b) SINGLE-LINE OBLIQUE 
VIEW OF PIPE LAYOUT. 


6’ WELD 
NECK FLANGE 


(SEE 6’ STD PIPE 
“A") 
oe 


SPEC. “A” ALL 90°ELLS WITH LONG RADIUS AND STD BORE 
“B’’ ALL TEES TO BE STRAIGHT WITH STD BORE 
(a) DIMENSIONS APPLIED TO A DOUBLE-LINE LAYOUT. 


17 STANDARD 


PIPE THROUGHOUT 
FITTINGS TO MATCH 


(b) DIMENSIONS APPLIED TO A SINGLE-LINE LAYOUT. 


FIGURE 23.9 m Typical dimensioning practices. 


TOP VIEW 
(ALSO IDENTIFIED 
AS A PLAN VIEW) 


FRONT VIEW 
(ALSO IDENTIFIED 
AS AN ELEVATION VIEW) 


2 


{c) SINGLE-LINE ISOMETRIC 
VIEW OF PIPE LAYOUT, 


FIGURE 23.10 m Methods of representing a pipe layout. 
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UNIT 23: REVIEW 


1. Identify the pipe fittings and/or valves b. Identify each welded pipe fitting, (A) 
represented by the following symbols. through (), given on the pipe layout. 
Ox ® 
. | ® 
 X+O-X © 
d. ———* © 
a om © 
f 7 ®) 

3. Develop a right isometric drawing from the 
three-view orthographic drawing given. 
g. 
TOP VIEW 
hy: : ae 


FRONT VIEW 


RIGHT SIDE VIEW 


4. Figure 23.11(a) is a single-line representation 
of the typical pipe layout for a heating system, 
Figure 23.11(b), shown on page 278. However, 
several modifications were made in the single- 
line figure to illustrate additional common 
fittings. 


2. a. Apply the dimensions and notes that would 
be required for the pipe layout as follows. 
Assume any sizes desired. 


a. Identify the pipe fittings represented by 
symbols (A) through J). 


@) 


QOGAQMO®O 


AS DETAIL “A” 
SS FOR FITTINGS | 
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@) 


Oo 
oO 


b. Name two fittings included in Figure 23.11 (a) 
that are not shown in Figure 23.11(b). 


Z\ AUTOMATIC 


2 ee CONTROL VALVE 
, (TEMPERATURE 
a ew ‘ CONTROL VALVE) 
y ‘al j 
Vy. A 
Y 
DETAIL “A” | 


CONVERTER 


THERMOMETER 


CO 


ie 


= MANUAL ot 
AIR VENT . 


EXPANSION 
TANK 


REFER TO 


HOT WATER 
HEATING PUMP 


TO BE INCLUDED 
IN THIS LINE w, 


AIR 
SEPARATOR 


HOT WATER 
HEATING PUMP 


FIGURE 23.1 I(a) m Single-line pipe layout. 


278 u Blueprint Reading for Welders 


FIGURE 23.1 1(b) = Pictorial (isometric) pipe layout. 


5. a. Prepare a two-view orthographic drawing b. Identify the components shown in the layout. 
from the isometric pipe layout that follows. 
Show a top view (plan view) and a front 
view (elevation view). 


I™ 


c. Refer to 5a. and prepare sectional sketches 
showing how the welds will appear at points 


(A) and (B). 


d. Identify the type of joints required at (A) 


and (B). 
Lo 
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UNIT 


Dual Dimensioning 


Dual dimensioning is the use of dimensions in both the U.S. Customary (inch) and SI (metric) systems of 
measurement on drawings. This dimensioning technique is being used by many manufacturers during the 
transition period from the U.S. Customary (inch) system of measurement to the metric system. Manufacturers 
who market their products to international consumers also use dual dimensioning. 

Dual-dimensioned prints are more costly to prepare; however, they permit greater flexibility in their appli- 
cation. Through the use of dual-dimensioned prints, parts that are to be manufactured to metric dimensions 
may be produced by using machines that are graduated in the inch system of measurement. Also, machines 
that are designed to manufacture metric-dimensioned parts may be used to produce parts that are specified 
in inches. 

Dual dimensions are equivalent to one another to a degree of accuracy that will permit functional inter- 
changeability of parts, regardless of the system of measurement used in producing them. The degree of 
accuracy between inch and metric dimensions is determined by the number of decimal places to which each 
dimension is rounded off. This same principle applies to tolerance dimensions. 

The metric unit of measurement most commonly used on dual-dimensioned prints is the millimeter. How- 
ever, the meter is also used in cases where dimensions are so large that it is impractical to show or perform the 
measurement in millimeters. For example, 18000 millimeters is best shown as 18 meters. Once a metric unit 
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25, {inch} 63.5 (mm) 25 (inch) 
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63.5 (mm) 
tg: 
2— (inch) 
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FIGURE 24.1 m Variations of the positioning method, utilizing a horizontal line, for dual dimensioning. 
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FIGURE 24.2 m Variations of the positioning 
method, utilizing a slash line, FIGURE 24.3 m Typical notes used to indicate positioning 
for dual dimensioning. arrangement of dual dimensions on a drawing. 
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is selected, it is used consistently throughout the drawing. The accompanying U.S. Customary unit of mea- 
surement may be given as a common or decimal fraction, but the decimal fraction is preferred. The application 
of common and decimal fractions is shown in Figure 24.4. 

There are two standard methods used to distinguish the U.S. Customary (inch) unit from the SI (metric) 
unit when dual dimensions are applied. One method is known as the positioning method. When this method 
is used, the inch and metric dimensions are positioned in specific locations with respect to one another. 
The second method is known as the bracket method. In this method, either the inch or metric dimension is 
enclosed in brackets. Either method may be used on a drawing, but not both. 

When the positioning method is used, the units are separated either by a horizontal line (usually a dimen- 
sion line), Figure 24.1; or a slash line, Figure 24.2. Note the optional locations for the dual dimensions. 

The positioning arrangement selected for dual dimensioning is indicated by a note on the drawing, Figure 24.3. 

Refer to Figure 24.4 for a review of the application of the positioning method for dual dimensioning. 
Note the use of both the horizontal line and the slash line techniques for separating dimensions. The method 
selected will depend on which is most convenient 
for presenting a particular dimension. 

In reviewing Figure 24.4, note that the symbol 
@ is used to indicate a diameter rather than the 
abbreviation “DIA.” However, it is standard practice 
to use “DIA” in a note. Note in the lower right-hand 
corner of the drawing that a symbol is shown to 
indicate the angle of projection. This is standard 
practice for dual-dimensioned drawings. 

The angle of projection is indicated on a dual- 
dimensioned drawing when it is to have interna- 
tional applications. 

Countries that use the metric system nor-  F\GURE 24.5 m Symbols for designating angle of projection. 
mally prepare drawings using first-angle projec- 
tion. Drawings prepared in countries where the 
U.S. Customary system is used, show the views 
arranged in third-angle projection. To avoid con- 
fusion in the interpretation of dual-dimensioned [38.70] 


drawings, the angle of projection symbol is shown, -/+—_— 1-500 J OR k/——— 1-800 
J 


Figure 24.5. Observe that the views used in the _—n 

symbol for first-angle and third-angle projection | yan eaecon | aa | eee | 
are the same, except that they are arranged 

differently. 

In the bracket method for dual dimensioning, / oR / 
either the inch or metric dimension is enclosed in heen ANE eet Se La 22a) 100 * O10 
brackets. The bracketed unit may be located above 112.70) 
or below, or to the right or left of the equivalent ——+ |-——— 500 OR ——| + 500 
unit, Figure 24.6. Observe that one or both of the nen 
units is centered on the dimension line. FIGURE 24.6 m Variations of the bracket method for dual 

A note is shown on the print to indicate which dimensioning. 
unit is enclosed in brackets, Figure 24.7. 

Refer to Figure 24.8 for a review of the application of the 
bracket method for dual dimensioning. Note that all of the 
dimensions are shown in decimal fractions. However, where 
common fractions are normally used for nominal sizes, such 
as thread and pipe sizes, the dimensions are shown as common 
fractions. DIMENSIONS IN[ _] ARE IN MILLIMETERS. 

Dimensioning a drawing with decimal fractions has become FG pr 94 7 » ciywical notestused ta imcieate 
standard practice. It is generally preferred for new drawings ea oererine een 
because it is easier to convert to metric dimensions, if necessary. dimensioning. 


FIRST-ANGLE PROJECTION 


NORMALLY USED IN 
COUNTRIES THAT 
HAVE ADOPTED THE 
METRIC SYSTEM 


NORMALLY USED IN 
THE UNITED STATES 


DIMENSIONS IN[ |] ARE IN INCHES. 
OR 


‘SUIMEIP B UL SUTUOISUSUTIp [enp 10} poyJsw JoyovIg Jo uonvoyddy mw 8°7Z JNO 


FILLET SIZES 


i 20UNC — 28 
TAP THRU 
375 [9.53] 


[110.13] 


.750 [19.05] 


1.250 [31.751 


1.750 [44.45] 


NOTE: UNSPECIFIED TOLERANCES + .030 [0.760] 
DIMENSIONS [ ] ARE IN MILLIMETERS. 


#500 * 4112.70 79 08) 4 HOLES 


[25.40] 
[76.20] 


6.000 [152.40] 


THIRD-ANGLE PROJECTION 


ig [29d ve LINN 


Muoisuoul 


S3z = 6u 
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Drawings dimensioned in common fractions are generally those that were not dual dimensioned originally. As 
the need arose, equivalent millimeter dimensions were added to the common fractions. 

An alternative to the positioning and bracket methods for dual dimensioning is to provide a conversion 
chart on the print. Only one unit of measurement or a series of letters is shown on the print to represent the 
dimensions. A chart located on the print gives the equivalent dimension for the dimension or letter shown. In 
some cases, it is more practical to attach the conversion chart to the print as a separate document. Such charts 
can be computer-generated, thus simplifying the dual-dimensioning process. 

Examples of methods used for displaying conversion tables are shown in Figure 24.9 and Figure 24.10. 
Note that dimensions shown in conversion charts are arranged in order of their value, usually from the small- 
est dimension to the largest. The reverse order may also be used. 

In some cases, although conversions are necessary, they are not shown on the print. A note specifying the 
conversion factor to be used is included on the print. A typical example is: 


Note: Convert inch dimensions to millimeter equivalents using the factor 25.4 (inch X 25.4 = millimeter 
equivalent), or inch X *4 = millimeter equivalent as a fraction. 


Another method of converting dimensions is the direct reading of dual-dimensioned machine dials, 
Figure 24.11. This method eliminates the need for dual-dimensioned prints or conversion charts. 

Note in Figure 24.9 and Figure 24.10 that a separate conversion chart for the fillet weld sizes is given. As 
shown on the chart, the millimeter dimension for the fillet size is rounded off to a whole number and the inch 
conversion is shown as a decimal fraction with a zero preceding the decimal point. These are standard practices 
applied to fillet conversion charts found on dual-dimensioned drawings. 

Additional standards and practices applicable to dual-dimensioned drawings are: 


™ General tolerances applicable throughout the drawings are indicated by a note and in dual dimensions. 


Example: Unspecified tolerances 
inch> +.03/0.8 <—mm 


@ .500* Meee 4 HOLES 


NOTE: UNSPECIFIED 
TOLERANCES ¢ .030. 


FILLET SIZES 


0.25 


TABLE OF INCH/MILLIMETER EQUIVALENTS 


ia le le 
25.40 25.40 D 28.58 


Fee a ae a a ee eee el 
44.45 J 50.80 76.20 Drow) | 152.40 


FIGURE 24.9 m Application of conversion table for dual dimensioning, 


+0.08 
—0.00 
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NOTE: REFER TO DIM. “A” 
FOR UNSPECIFIED 
TOLERANCES. 


FIGURE 24.10 m Application of conversion table for dual dimensioning by use of letters. 


® Plus and minus tolerances are shown with the same 
number of decimal places. 


E ie 5 UALS 
xample: 9-4 9 19 
+015 


not 25.4 94 


M™ Angle dimensions indicated in degrees are common 
to the inch and metric systems, and, therefore, are not 
normally shown as dual dimensioned (in radians). 


M™ Welding symbols are not usually dual dimensioned. Ei- 
ther the U.S. Customary unit or metric unit of measure- 
ment is applied, Figure 24.12. When an equivalent unit 
is required, a conversion table is included. Figure 24.10 
and Figure 24.12(c) and (d) illustrate dual dimensioning 
followed by some companies. The same practice applies 
to testing symbols presented in Unit 25. 


FIGURE 24.11 m Inch/metric dual dial. 
™@ Ifa metric dimension is a whole number (254), a deci- ee eee 


mal point and a 0 are not required. 


Example: 254 not 254.0 
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(a) OR (b) 


3 
4 


(c) 


= 


FIGURE 24.12 m Dimensioning practices used for welding symbols. 


NOTE: CIS NOT ASTANDARD PRACTICE. 


M@ If a conversion is needed and not shown on the print, the inch dimension may be multiplied by 25.4 or *% 
to obtain the millimeter equivalent. 


™ To convert a millimeter dimension to inches, divide it by 25.4 or “%. 


®™ In converting an inch value to a millimeter value, it is standard practice to show the millimeter value to 
one less decimal value than the original inch value. 


Example: .375” = 9.53 mm 


This rule does not always apply to dimensions shown as common fractions. A millimeter conversion of a frac- 
tional dimension to two decimal places may exaggerate the precision that is required. Therefore, the number 
of decimal places shown will vary with the accuracy intended. 


Example: %” may be shown as a conversion to 9.53 mm, 9.5 mm, or 9 mm. 


™ If a common fraction is to be converted to millimeters and the required degree of accuracy is unknown, 
an acceptable rule is to show the millimeter equivalent to two decimal places. 


™ When a metric dimension is less than a full unit, a 0 precedes the decimal point. 


Example: 0.39 mm not .39 mm 
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Graph paper is provided at the end of this review for your use. 


1. Explain the significance of the following 


symbols: 


a. © 
bot 4 


. On dual-dimensioned drawings, is it standard 
practice to apply dual dimensions to (answer 
“ves” or “Tio” ): 

a. Welding symbols? 

b. Thread sizes? 


Pipe sizes? 


a 9 


. Diameters? 
e. Hole sizes? 
f. Cylinders? 
g. Location dimensions? 


. Describe an alternative to dual dimensioning, 
other than by the positioning or bracket 
method. 


. Give an advantage of dual-dimensioned drawings. 


. Give a disadvantage of a dual-dimensioned 
drawing. 


. Show the variations for dual dimensioning 
by means of the positioning method. Use 6” 
and its millimeter equivalent (152.40 mm) to 
illustrate these variations. 


7. 


Show the variations for dual dimensioning by 
means of the bracket method. Use 5.750” and 
its millimeter equivalent (146.05) to illustrate 
these variations. Include dimension lines in 
showing the variations. 


. Fill in the missing dimensions on the following 


table. Round answers to two decimal places for 
millimeter conversions and to three decimal 
places for inch conversion. 


Table of Inch/Millimeter Equivalents 


3 1 
— = ie 


9. 


10. 


LI. 


Explain the significance of the following note: 
mm 


mimn/imch: >. 4. 


a hated sl 


Add the missing dimensions (in millimeters) to 
the following dual-dimensioning symbols. 


a. 


a — 7.31220200 


[ ] 
[ ] 


Show how the following dimensions would 
be expressed on a dual-dimensioned drawing 
by means of the positioning method. Use 
slash lines with U.S. Customary dimensions 
shown to the left of the slash line, where 

it is appropriate to do so. Use millimeter 
equivalent or decimal fraction values where it 
is appropriate to do so. 


. 60 - 15’ 
12,72" 
. LA” pipe 
» 24:29 MM 
tA 
a” - 12 UNC-2A 


onan0 F B 


= 
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NOTES 


@ .375 DRILL THRU 


8 HOLES 


45° SPACING 
ON 12%" BC 


10’° EXTRA STRONG PIPE 
500 WALL 


FLANGED CONNECTION 
SEE DET. A 


251D. 8B SIZE 
DISHED HEADS 


SKINZ SHEET 


” X 3" FLAT BAR 


NOTE: ALL SIMILAR JOINTS 
REQUIRE LIKE WELDS. 


2'' WELD IN oY. 


io ye L. 3" 
ls X15 Xo 2 325 


59” 
66” DISTANCE (A) 
ce ve 


1 ” uw an 
WV 2" xX2" Xz L 


= 
< 
nenf 
ND 
& 
~] 
= 

= 
= 


Muoiisuoul 


TABLE OF CONVERSIONS FOR PORTABLE TEST TANK—mm Ce ROUNDED OFF TO ONE DECIMAL PLACE 
3 zs) 
wows Te el EL a LE 
wicumevers [22 | «a | oa [as [er 
wens [ETAT To To 


1 3 , ] OTY: 4 ORDER NO. 404 
SEES ESS 2 eso A 


DWG NO.: DATE: 


oe] a 
ati PORTABLE TEST TANK 


6c = bu 
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UNIT 24: REVIEW B 


Refer to the drawing, Portable Test Tank, page 293. 


. What information is listed regarding the type of 
dished heads required? 


. What is the type, size, and approximate length 


of weld (D)? 


type 
size inches mm 
approx. length inches mm 


. What type and size welds are used to join the 
two heads to the skin of the tank? 


type 


size inches mm 


. The total length of 10” (10.750”OD) (273 mm 
OD) pipe required is: 


inches mm 


. What type and size of weld is used to join the 
fittings at the top and bottom to the skin of the 
tank? 


type 


size inch mm 


. The total combined length of %4 X 3 flat bar 
required for completion of the tank is: 


inches mm 


. If the flange that is welded to the 10” pipe were 
cut from a square plate, the minimum outside 
dimensions of this plate must be: 


length inches mm 
width inches mm 
thickness inch mm 


. The dimensions of the sheet used to form the 
skin of the tank are: 


length inches mm 
width inches mm 
thickness inch mm 


9. 


10. 


11. 


12. 


13; 


14. 


15. 


16. 


17. 


18. 


19, 


20. 


Zh. 


The total combined length of 2” X 2” x 4” 
angle required will be: 


inches mm 


The total combined length of 1'4” X 1%” x 14” 
angle required will be: 


inches __ mm 
The dimension for radius ) is: 

inches mm 
The dimension for distance (Y) is: 

inches mm 


With reference to the bolt circle, the chordal 
distance between any two of the *6” drilled 
holes is: 


inches ___ mm 
The approximate total combined length of 
welds (8): ©): and (D) is: 

inches __ mm 
The overall length of the completed tank, 
including the flanged connection, will be: 

inches ==, NM 
What is the dimension for distance (A) 
____ inches mm 
What is the dimension for distance 2) 
__ inches mm 


What views make up the drawing? 


What is the spacing of holes in the flange? 


Convert 80” of weld to a mm equivalent. 


Convert 450 mm of weld to an inch equivalent. 


SURFACE (S) 
SURFACE (N) 
DISTANCE (C) 


NOTE: DIMENSIONS ARE SHOWN IN INCHES. 


= 
< 
nl 
LN) 
& 
~] 
= 

= 
= 


[orv. 20 ~—-*‘YORDERNO.s 


TOLERANCE: ANGULAR + 1%° 
MILLIMETER + 1mm 


Muoisuoul 


GGz = bu 
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UNIT 24: REVIEW C 


10. 


Li, 


12. 


[5S 


4. 


15. 


Refer to the drawing, Pipe Hanger, page 295. 


. What is the name of the part? 


. What is the order number? 


. How many are required? 


. How much extra length is allowed for bending 


the part? 


mm 


inch 


. What are the tolerances on angular dimensions? 


. What is the maximum possible overall length? 


inches mm 


. What is the minimum possible overall length? 


inches —__ mm 
. Point © is represented by line in the 
top view. 
. Line «) is represented by line in the top 
view. 
Surface (N) is represented by line in the 
front view. 
Line (0) is represented by line in the 
auxiliary view. 
Line (P) represents surface in the top view. 
What is the dimension of distance (A)? 
inches —__ mm 
What is the dimension of distance (®)? 
inches —__ mm 
What is the dimension of distance ©? 
inches mm 


. a. What type and size of weld is used to join 


plate ®) to plate (Ty 


b. Give size of weld in inches. 


Ly. 


18. 


19. 


20. 


Zn. 


22; 


25. 


2. 


a. What type and size of weld is used to join 


plate ®) to plate wv)? 


b. Give size of weld in mm. mm 


a. What type and size of weld is required at 


corner @)? 


b. Give size of weld in inches and mm. 


inches mm 


Where are the welds that join plates ®) and 


(T) to the plate ) to be made? 


a. How many mm of fillet welds will be required 
for completion of the order? 


b. How many inches? 


a. Explain why it was desirable to include an 
auxiliary view on this drawing. 


b. At what angle is it drawn? 


How many angular dimensions are shown? 


Make a complete bill of materials required for 
completion of the order. NOTE: Allow enough 
material for the cutting of all irregular-shaped 
plates. List the dimensions in inches and in mm. 


Bill of Materials 


Ne. 


Apply dual dimensioning to the following welding 
symbol. 


DISTANCE | 


(9.53] 
3/8" 


FILLET SIZES 


INCH 


Pinch | mm 
a 6 
4 
5 
16 . 
3 
8 


10 
DISTANCE (D) DISTANCE 
NOTE 1: ALL BUTT AND FILLET 
WELDS WHICH ARE NOT 
(50.80) DIMENSIONED ARE TO BE 
a MADE IN ACCORDANCE 
lo WITH SPEC. W-1.- 
DISTANCE NOTE 2: SIMILAR JOINTS ON BOTH 
(A) LEFT AND RIGHT ENDS WILL 
REQUIRE SAME WELDS. 
NOTE 3: DIMENSIONS ARE SHOWN 
C) on IN INCHES AND MILLIMETERS. 
@ 19.525} Heit ¢ [12.700] 
DISTANCE 375.2 HOLES a [mm] 
DRILL ine 
4HOLES 
¢ [12.700] 
“500 (76.20) 
DRILL = 
2 HOLES 
(63.50) | 
2 1/2" | 
I~ 
i S$ 
= 
wad 
[76.20] NO 
= AAS 
2” SCH 
=40 PIPE ~) 
3/8" ¢ 
[95.25] DISTANCE re) 
[76.20] (8) [50.80] we 
a 
3” S BEAM 5.7 LB/FT = 
8 MS TYP © 
DISTANCE (E) 37 DISTANCE = 
N i 8 Ml 
> [38.10] me 
" ie] 
j 1 11/ s 
_V me 
[215.90] = 
[431.80] pad [254.00] (Q 
7" 10” = 
OIL DRAIN PIPE : a Pr a Z s 
3° 2" X38 SCALE: 38= 0 
(76.20 X 50.80 X 9.53} ANGLE R NEY: ELC | 
ee 


DWG.NO. 53 DATE: 


ENGINE MOUNT 


REAR 


EDITOR'S NOTE: REDUCED PRINT, FOLLOW STATED DIMENSIONS ONLY. NOT TO BE SCALED. 
A LARGER DRAWING IS PROVIDED AT THE BACK OF THE TEXT. 
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UNIT 24: REVIEW D 


LU, 


11. 


ED. 


LS 


ee 


Lb, 


L6; 


Refer to the drawing, Engine Mount Rear, page 297. 


. What is the name of the part? 

. How many are required to complete the order? 
. What is the order number? 

. What scale is used for the drawing? 


. What is the dimension of distance (H)? 


inches mm 


. What is the dimension of distance OF 


mm 


. What is the dimension of distance ©? 


mm 


. What is the dimension of distance (A) 


inches mm 


. What is the dimension of distance (” 


mm 


What is the dimension of distance G)? 


mm 


What is the dimension of distance ©? 


inches mm 


What is the dimension of distance ©)? 

mm 

What is the dimension of distance (®) 
inches 


What is the dimension of distance )? 


mm 


How many flame-cut holes will there be in the 
completed order? 


Identify the member that will be inserted in the 
flame-cut hole. 


Li: 


18. 


19. 


20. 


ZA. 


22. 


23. 


2. 


2D; 


20. 


How many © .375 drilled holes will there be in 
the completed order? 


How many © .500 drilled holes will there be in 
the completed order? 


a. At what angle will the ends of the pipe be 
cut where it joins the I beam? 


b. What is the size of this pipe? 


What type and size is weld (CoE 
©? Wr 


How many welding symbols are shown? 
How many 4” fillet welding symbols are shown? 
How many %” fillet welding symbols are shown? 


What types of welds are used to join the angle 
to the S beam? 


a. What information is given regarding welds 
that are not dimensioned? 


b. Make a complete bill of materials that will 
be required for completion of the order 
(omit plates A, B, and C). Give dimensions 
in inches and millimeters. 


Bill of piaterials 


Sketch the weld symbol that is dual dimensioned. 


UNIT 


Inspection and Testing 


OVERVIEW OF COMMON INSPECTION 
AND TESTING PRACTICES 


The primary aim of any inspection or testing program is to ensure that governing codes, standards, and 
specifications are followed, and that weld quality meets design standards. In addition, the weld must satisfy 
the operating conditions to which the weldment will be subjected. To meet these goals, the welder is often 
required to complete performance qualification tests. These tests are designed to determine the welder’s ability 
to deposit consistently sound, high-quality welds as required by the codes under which the weldment is being 
completed. The code-writing organizations that dictate these standards include the following: 


American Welding Society (AWS) 

Canadian Standard Association (CSA) 

American Society of Mechanical Engineers (ASME) 
American Society for Testing Materials (ASTM) 
American Petroleum Institute (API) 

American Bureau of Shipping (ABS) 


Inspection and testing practices used by these organizations are divided into two basic categories: destruc- 
tive testing and nondestructive examination. 


DESTRUCTIVE TESTING 


Destructive testing involves subjecting weld specimens to a series of mechanical tests that measure various 
metallurgical properties. These tests ensure that the welding process has been performed properly, that the 
joint design was correct, and that the proper filler metal was selected. Tests of this nature may make the speci- 
men unfit for further service. In certain cases where sample weld sections are removed from a unit for testing, 
the specimen may be repaired or rewelded to restore it to its original condition. 

Destructive tests may also be used to certify a welder’s ability to produce sound, high-quality welds. The 
following list identifies the various destructive tests and the metallurgical properties each measures. 


Bend testing—to determine ductility and soundness 

Tensile testing—to determine tensile strength and ductility 

Nick break test—to determine structure and soundness 

Impact test—to determine impact strength 

Hardness test—to determine hardness 

Macro etch test—to determine the depth of weld metal penetration, fusion zone, and heat-affected zone 


NONDESTRUCTIVE EXAMINATION 


Nondestructive examination practices are used to evaluate weld quality without permanent damage to the 
weldment. Some of these practices may be used (1) as preparations for the welding operation, (2) as the weld 
progresses, and (3) after the weld is complete. The following nondestructive practices are described: visual 
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inspection, ultrasonic inspection, radiographic test, magnetic particle inspection, dye penetrant test, eddy 
current (electromagnetic) test, leak test, and proof tests. 


Visual Examination 


Visual examination is one of the most extensively used inspection practices for the following reasons: 


M™ it is easy to perform, 
™ it is used by all workers who are associated with welding practices, and 


® it is relatively inexpensive. 


Visual examination reveals the presence of base metal conditions such as mill scale, seams, laminations, and 
other surface conditions that could contribute to faulty welds. As preparations for welding are being made, 
visual examination detects incorrect groove angle, root face, and root opening. Visual examination also 
determines the general uniformity of fitup. As welding progresses, visual examination detects conditions that 
could result in a faulty weld upon completion. An example of such a condition is inadequate cleaning between 
passes. This method of inspection is widely used upon completion of the weld and the weldment for the fol- 
lowing reasons: 


™ to determine the dimensional accuracy of the weldment, and 


™@ to check general conformity to specifications, including weld dimensions and the general acceptability 
of the welds, including conditions such as rough or irregular deposits; the existence of spatter; arc strike 
marks; the presence of unfilled craters; overlap; undercut; and weld and base metal cracks. 


Ultrasonic Examination 


In this method of examination, ultra-high-frequency sound waves are transmitted through the part being 
tested. These sound waves are then reflected back from the opposite side of the material and are displayed on 
an oscilloscope screen. Defects in the material or weld cause variations in the echo, and the result is displayed 
on the oscilloscope, showing the extent and location of the defect. This inspection method may be used on 
most materials. However, a high degree of operator skill is required to interpret the oscilloscope screen images 
accurately. This is called straight beam testing, which is not frequently used on welds. Most weld inspection 
uses angle beam testing, which shows reflections from defects. 


Radiographic Examination 


The radiographic method makes use of the ability of X rays or gamma rays to penetrate objects. When these 
rays are directed through a welded joint, a portion of the radiation is absorbed. The amount absorbed depends 
upon the thickness and density of the weld. If defects exist in the weld, the beam of radiation will have less 
metal to pass through than if the weld were completely sound. These variations in radiation penetration are 
recorded on a photographic film in the form of light or dark images that indicate the location, shape, and size 
of any existing defect (in two dimensions only). 


Magnetic Particle Examination 


This method requires that a magnetic field be established in the part being inspected. A high current is used to 
set up this magnetic field. If any discontinuities exist, such as surface or subsurface cracks or laminations, the 
magnetic field is distorted. The surface of the area being inspected is covered with fine ferromagnetic particles. 
These particles tend to gather at the area of the imperfection. They indicate not only the location of the fault 
but also the shape and extent of the fault. Since this method depends on the establishment of magnetic fields, it 
cannot be used with most nonferrous metals or austenitic steels. However, it has been used with nickel alloys. 


Penetration Examination 


In this method of examination, a dye penetrant is applied to the surface being examined. The dye is allowed to 
stand for a period of time, the excess is removed using cleaning agents, and a developer is applied to the surface. 
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When the developer dries, a white background remains that draws the penetrant trapped in the flaw or fault to 
the surface to highlight the location of the fault. Another method makes use of a fluorescent penetrant, which is 
absorbed into the flaw. Ultraviolet light is then applied to the area under examination, thus revealing any flaw. 


Eddy Current (Electromagnetic) Examination 


In this method, the parts being tested are subjected to the influence of an alternating electromagnetic field, 
which will induce eddy currents. If the material conducts electricity, magnetic fields will be set up. This 
method is adaptable to the testing of items on a relatively high-speed production basis. It is useful for the 
detection of both surface faults and faults just below the surface such as cracks, voids, or laminations. This 
method is widely used where welded surfaces are smooth, such as in the aircraft industry. It is considered 
ineffective for the inspection of rough surfaces often present on weldments. 


Leak Examination 


The most common method of examination is one of the simplest. It is also the most economical method of 
testing welds on vessels and piping systems. It involves simply filling the vessel with water and examining the 
outside of it for evidence of leaks. (This is known as hydrostatic testing.) Light oils may also be used in some 
cases. The oil tends to make small leaks more easily detectable. Another common practice is to increase the 
internal pressure of the vessel to greater than atmospheric pressure. The exterior of the vessel is then examined 
for evidence of leaks. When air or nonflammable gas under pressure is used for this purpose, a soapy solution 
is often applied to the weld on the exterior of the vessel. Any leaks cause bubbles to be formed. For small ves- 
sels, it is sometimes possible to submerge the vessel completely in water. It can then be examined for evidence 
of rising bubbles, indicating leaking welds. 


Proof Examination 


This method of examination is used to determine if the weldment is capable of performing the service for 
which it was designed. This examination usually involves the application of service loading greater than that 
to which the weldment would normally be exposed. Closed containers or piping systems are subjected to 
internal pressure by applying air (pneumatic) or water (hydrostatic) pressure. 


NONDESTRUCTIVE EXAMINATION SYMBOLS 


Nondestructive testing symbols are used to indicate the 
type of test or tests the welds will be subjected to when 


Type of Test Symbol 


completed. Abbreviations for the common examinations are Acoustical test 
shown in Table 25.1. 

The examination symbol consists of a reference line, eiectomagnelic 
arrow, and tail. Elements added to this symbol are exami- Leak 
nation symbols, basic weld symbols, the examine-all- 
around symbol (similar to the weld-all-around symbol), the Magnetic particle 
examine-in-field symbol (similar to the field-weld symbol), Neutron radiographic NRT 


number of tests, length or percentage of the part to be exam- 
ined, specifications or references, and direction of radiation Penetrant 
for radiographic tests, Figure 25.1. The arrow side, other 
side, and both sides significance described for the basic 


el 
p 


Proof PRT 


welding symbol also applies to the nondestructive testing Radiographic 
symbol. 

As indicated in Figure 25.1, examination symbols may be Ultrasonic 
applied in three locations with respect to the reference line 
of the nondestructive welding symbol—on the arrow side, Visual 


on the other side, or centered on the reference line. When a 


both sides significance is desired, the examination symbol TABLE 25.1 m Nondestructive examination symbols, 


Note: Each symbol ends with the 
letter “T.” 
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NUMBER OF EXAMINATIONS REQUIRED, 
ENCLOSED IN PARENTHESES 


POSSIBLE (LOCATED ON OTHER SIDE 

LOCATIONS OR ARROW SIDE) 

OF SYMBOLS LENGTH OF SECTION 
(TYPE OF ‘TO BE EXAMINED 
EXAMINATION) 


EXAMINE IN FIELD 


EXAMINE-ALL- 
AROUND 


SYMBOL 
VA SYMBOL \_ WHEN CENTERED, 
LOCATION OF HAS NO ARROW 
SPECIFICATION 2 rrrow SIDE, OTHER SIDE 
OR OTHER SIDE SIGNIFICANCE 
REFERENCE 


WHEN SYMBOL IS PLACED ON 
BOTH SIDES OF REFERENCE 
LINE, IT HAS A BOTH SIDES 
SIGNIFICANCE 


FIGURE 25.1 @ Nondestructive examination symbol. 


is applied to both sides of the reference line. When an arrow side or other side significance is not applicable, 
the examination symbol is centered on the reference line, Figure 25.2. 

When multiple tests are required, they are 
indicated by combining the test symbols, as EXAMINATION TO BE MADE 
shown in Figure 25.3. Note that test symbols a 


ET 
having an arrow side or other side signifi- pene 
cance may be combined with a test symbol 
EXAMINATION TO BE 
centered on the reference line (no arrow side MADE ON ARROW SIDE 
or other side significance). 
Test symbols are frequently used in combi- al AET 


= 
nation with basic weld symbols. When this is 7 


the case, they are applied to a testing symbol 
with multiple reference lines, Figure 25.4. 
For testing purposes, the dimensions 
applied to a testing symbol are: (1) length 
of section to be tested, or (2) percentage of 
section to be tested, and (3) angle of radia- 
tion when a radiographic test is required. 
Length or percentage is shown only when 


a partial section is to be tested. Note that CesT, 
when length or percentage dimensions are va \ 
used, they are located to the right of the test + SIGN IS USED TO INDICATE MULTIPLE EXAMINATIONS ARE REQUIRED ' 


symbol, Figure 25.5 and Figure 25.6. 
Dimensions may also be added as shown RT+LT 


in Figure 25.7 to locate the particular length RT+PT LT + PRT ———— 
of weld to be tested. 


When a percentage dimension is used to 


indicate that only a partial section of the - SEE 
weld is to be tested, the procedure for select- J PT +NRT NOTE 


EXAMINATION TO BE 
EXAMINATION TO BE MADE MADE NOT HAVING 


ON BOTH SIDES AN ARROW OR OTHER 
SIDE SIGNIFICANCE 


FIGURE 25.2 m Locations of test symbols. 


PT + ET 


ing the location of the test is described in the 
specifications or by a note on the drawing, 


NOTE: 

Fee ae 1. CENTERED EXAMINATION SYMBOL IS LOCATED 
In cases where testing applies to an area CLOSEST TO THE ARROW. 

of a part, several dimensioning techniques 2. ARROW SIDE SYMBOLS ARE LOCATED 


FURTHEST FROM ARROW. 
are used. For a plane area, the section of the 


area to be examined is shown circumscribed FIGURE 25.3 = Combining examination symbols. 
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EXAMINATIONS VT 
REQUIRED ~ 4 VT 
WELDS 
REQUIRED 
VT 
RT EXAMINATIONS 
VT REQUIRED 


2ND OPERATION 


1ST OPERATION 


FIGURE 25.4 = Combining basic weld and non- 
destructive examination symbols 
through the use of multiple 
reference lines. 


RT 50% 


NRT 30% 


FIGURE 25.6 m Application of percentage dimension for 
examining a partial section of weld. 


RT 15 
MT 4 


PT 6 LT8 
LT8 


FIGURE 25.5 @ Application of length dimension for examining 


a partial section. 


12" LENGTH TO BE EXAMINED 
ye LOCATION 
/ DIMENSION 


FIGURE 25.7 m Application of dimensions for indicating length 
of welded section to be examined. 


AREA TO 
BE EXAMINED 
| VT 50% SIZE 
[ VT 50% DIMENSION 
SEE L CIRCLES AT 
Mare CONNECTING 
POINTS 
LOCATION 
NOTE: WELDS TO BE DIMENSION 
TESTED AT EACH END (7) 


AND IN CENTER SECTION 
EQUIVALENT TO 
PERCENTAGE SPECIFIED. 


FIGURE 25.8 m Percentage method of indicating extent of a 
welded section to be examined. 


LOCATION 
DIMENSION 


SIZE DIMENSION 


FIGURE 25.9 m@ Method of indicating a section of a plane area to 


be examined. 


by broken lines with circles at the connecting points, Figure 25.9. Location and size dimensions are applied as 
needed. The appropriate examination symbol is added with the arrow touching any point of the perimeter of 


the area to be examined, Figure 25.9. 


To indicate that an area of revolution is to be examined, the examine-all-around symbol is applied, with or 
without a length dimension, depending upon the extent of the area to be examined, Figure 25.10. 

When a length dimension is applied to the testing symbol with an examine-all-around symbol, it signi- 
fies that only a particular length of the area of revolution is to be examined, Figure 25.11. 


304 = Blueprint Reading for Welders 


For pressure vessels or pipe, an acous- 
tic emission examination may be indicated, 
Figure 25.12. When such an examination is 
indicated, it generally applies to all or most 


TEST-ALL-AROUND SYMBOL 


SS 


MT 


en SYMBOL WITHOUT A 


y y 
VZLL-_——~x~———xxxq0uzE 


; LENGTH DIMENSION 
of the component. Therefore, no dimension LILI aia ee eens 
is shown with the symbol. The locations of iB Z OF THE BORE IS TO BE EXAMINED 


the sensors for making the examination are 
not shown. This permits a random selection 
of locations for making the examination. 

For radiographic inspections, the degree 
of angle for executing the inspection is 
included on the drawing, Figure 25.13(a). Jo ernie ore ee ap 
The angle dimension is applied between 4" FROM FACE 
an extension line and an extension of the 
arrow of the welding symbol resembling an 
asterisk is located at the end of the arrow 
extension line. When an angle dimension 
is not shown, it implies that the angle of 
radiation is 90°, Figure 25.13(b). 

The remaining element applied to the 
nondestructive examination symbol is the 
number of examinations to be made. This 
is indicated by placing a numerical value 
in parentheses above or below the exam- 
ination symbol, Figure 25.14. When the 


examination symbol is located on the arrow 
side, the figure is placed below the symbol; 
when the examination symbol is on the 
other side, it is placed above the examina- 
tion symbol. If the symbol is centered on AET 


the reference line, the indication for the 
number of examinations is placed on either FIGURE 25.12 m Application of accoustic emission examination 
symbol for testing a length of pipe. 


FIGURE 25.10 @ Application of the examine-all-around symbol for 


an area of revolution to be examined. 


>> 


LLL 


PRT 4 


L INTERNAL PROOF EXAMINATION 
FOR A DISTANCE OF 4" 
FROM FACE 


7 
UP 


FIGURE 25.11 @ Application of examination-all-around symbol and 
length dimension for an area of revolution. 


XAMINATIONS REQUIRED, 


ANGLE OF RADIATION NUMBER OF 
/ E 
‘ PT OTHER SIDE 
f (6) j : 
=|20 (4) 
DIRECTION OF RADIATION RT 
a= NUMBER OF 
~ EXAMINATIONS REQUIRED, 
RT SIGNIFIES RADIOGRAPHIC EXAMINATION ARROW SIDE 


* ALTHOUGH NOT INDICATED 
(a) BY A DIMENSION, ANGLE OF 
RADIATION IS 90° SINCE THE 
SYMBOL APPEARS TO BE (3) 
PERPENDICULAR TO WELD UT 
TO BE EXAMINED \ 
NUMBER OF 
EXAMINATIONS REQUIRED, 
NO ARROW SIDE OR OTHER 
SIDE SIGNIFICANCE 


NRT 


NRT SIGNIFIES NEUTRON 
(b) RADIOGRAPHIC TEST 


UT 
(3) \ 
FIGURE 25.13 m Application of direction of radia- 


tion dimension for radiographic FIGURE 25.14 m Application of figure to examination symbol 
examinations. to indicate the number of tests required. 
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side of the symbol. In determining locations for the examination, they are taken at random along the joint 
or area of the part to which the symbol is applied. 

Dimensioning practices applied to the nondestructive examination symbol exclude dual dimensioning (the 
use of both U.S. Customary and metric dimensions). When dimensions in both units are necessary, a table of 
conversions is added to the drawing. Examples of conversion tables are shown in Table 25.2 and may also be 
found in the Appendices. 


Electrode Sizes Fillet Sizes 
in. mm in, | 
030 | O76 | SCT 8 
o035 | 089 | eS | 4 
a 
0045 | tia | 
"N16 iim 
S64 198 |e | 10 
5/32 abit 
'f 318 [tk | 18 
*f32 a a 
Sh6 Se ee 
"f itt 

a a 


U.S. Customary (Inch) Metric (Millimeters) 
TABLE 25.2 m Conversion tables. 
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UNIT 25: REVIEW 


1. Describe nondestructive examinations and 
their locations indicated by the following 


symbols. 
VT 
b. 
NRT 
c MT 
d ET 
a 
RT 
. UT + PT 


2. Give the significance of each element shown 
on the following nondestructive examination 
symbol. 


VT 50% 
MT 4 


REF “A” 


VT 50% 
MT 4 
REF ay 


F 
fo- 


3. Give the significance of all of the elements 
applied to the examination symbols shown 
on the drawings that follow. 


K 


b. VT+NRT 


VI+NRT e. —— 
a9 

4 

1 y 

4 eee 

VT 40% 

VT 40% ee 
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REF ae ais 
ET + VT 
* 
60° 
r- RT 
f. 
VT+RT 
RT ESW 
= ESW 

VT+RT 
VT+RT 


Ay fT 


45° 


SEE 
NOTE 


308 = Blueprint Reading for Welders 


VT 50% 
VT 50% 


1 
16 


HA 


SEE NOTE 


VT 16 


VT 16 


International Standard 
Symbols for Welding 


Designation 


INTRODUCTION TO 
ISO SYMBOLOGY Butt weld between plates with raised edges’ 


In addition to American Welding Society (AWS) Square butt weld 


weld symbols, a set of weld symbols has been 

developed for international use, identified as 3 | Single-V butt weld V = 
“International Standard Symbols for Welding.” 4 | Single-bevel butt weld |Z 
These symbols (often referred to as ISO symbols) ~*~; 
have been approved by the International Organi- 5 | Single-V butt weld with broad root face b 


zation of Standardization and are found in the 
publication International Standard 2553. They 


x 


6 | Single-bevel butt weld with broad root face 


are intended for application on drawings used 7 | Single-U butt weld (parallel or sloping sides) Y 
for the manufacture of products marketed inter- == 
nationally. 8 | Single-J butt weld UV 


International weld symbols fall into two prin- 
cipal categories: (1) elementary and (2) supple- 
mentary. They are illustrated in Table 26.1 and 10 | Fillet weld 
Table 26.2. In reviewing Table 26.1, note that 
there are two symbols unique to ISO: the single- 11 
V butt weld with broad root face, and the single- 


7\4 


9 | Backing run; back or backing weld/USA/ 


bevel butt weld with broad root face. Note also that 12 | Pligweid ® = 
there are variations in the descriptions of several of 13 | Spot weld 
the weld symbols when compared to AWS descrip- 2 2 


tions of similar symbols. Each elementary symbol 14 | Seam weld 
represents the shape of the weld to be made and, 
similarly, each supplementary symbol is indicative 
of the shape of the weld surface required. 16 | Steep-flanked single-bevel butt weld 

In addition to elementary and supplementary 
symbols, ISO includes a classification of symbols 17 | Edge weld 
entitled “Complementary Indications.” These con- 
sist of the (1) peripheral 


<iinie 


15 | Steep-flanked single-V butt weld 


X 


U 
= 
— 
c— 
! 


18 | Surfacing weld 


weld, (On (2) field or site weld, 19 | Surface joint 


20 | Inclined joint 
I - and (3) the welding process // 23 oh 
which is represented by a number included in 21 | ee 
the tail (also identified by AWS as the “tail”). 
The number in the tail corresponds to a welding 
process found in ISO publication 4063. Note Note: Dashed lines are not a part of the symbol. 


that the tail is applied to the symbol only when ‘Butt welds between plates with raised edges (symbol 1) not completely penetrated 
a welding process is to be indicated. are symbolized as square butt welds (symbol 2) with the weld thickness shown. 


mul II|3 


TABLE 26.1 m Elementary symbols. 
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Shape of Weld Surface symbol 
Flat (usually finished flush) 


= 
Convex 
Concave 
Toes shall be blended smoothly 
Permanent backing strip used 
mel 


Removable backing strip used 


TABLE 26.2 m Supplementary symbols. 


ELEMENTS OF AN ISO SYMBOL 


An ISO symbol used to represent a weld requirement consists of an arrow line, a multiple reference line, and 


the appropriate welding symbol or symbols, Figure 26.1. 
The method for representing a symbol with the use of a multiple reference line is illustrated in Figure 26.2. 
For symmetrical welds, a single continuous reference line is used. In such cases, the dashed line is unneces- 


sary, Figure 26.3. 
REFERENCE LINE (CONTINUOUS LINE) 


WELDING SYMBOL 
TAIL (FOR 
INCLUDING 
A WELDING 


PROCESS) 


ARROW LINE 


IDENTIFICATION LINE 
(DASHED LINE) 


FIGURE 26.1 = Components of an ISO symbol for 
representing a weld requirement. 


FIGURE 26.2 m Method of representing an ISO symbol for 
a weld that requires a dual reference line 
(solid and dashed). 


I 


FIGURE 26.3 @ Method of representing an ISO symbol for symmetri- 
cal welds (when only a continuous single reference 


line is applied). 


The purpose of a dual reference line is to be 
able to readily identify to which side of a joint 
the welding symbol applies. When applied to 
the dashed line, it signifies the other side of 
the joint; when applied to the continuous ref- 
erence line, it signifies the arrow side of the 
joint. The dashed line may be drawn above or 
below the continuous line and is parallel to the 
continuous line, Figure 26.4. 

In Figure 26.1, note that a tail is not included 
as an integral part of the symbol, and there is 
no term used to identify the total symbol (in 
the case of AWS symbology, it is identified as a 
“welding symbol”). In addition, whereas AWS TO BE WELDED ON 
basic symbols are identified as weld symbols, eereene ee rae 
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TO BE WELDED 
ON THE OTHER SIDE 


ISO identifies its comparable elementary sym- F|GURE 26.4 m Interpretation of multiple reference lines. 


bols as welding symbols. A comparison of ISO 
and AWS symbols is illustrated in Table 26.9. 


Arrow Side, Other Side Significance 


The arrow side, other side significance of a joint is the same for an ISO symbol and an AWS symbol. Examples 


are illustrated in Figure 26.5. 


"OTHER "ARROW "ARROW 
SIDE" SIDE" SIDE" 


ARROW LINE 
ARROW LINE 


"OTHER 
SIDE" 


TT: Es 


"OTHER SIDE "ARROW SIDE "OTHER SIDE 
OF JOINT A" OF JOINT A" OF JOINT A" 
< 
ARROW LINE = 
= 
3S 
O 
JOINT A 
JOINT B 
ARROW LINE ARROW LINE 
"ARROW SIDE "OTHER SIDE "ARROW SIDE 
OF JOINT B" OF JOINT B" OF JOINT A" 


FIGURE 26.5 m Identification of arrow side and other side of joint members for ISO standards. 


"ARROW SIDE 
OF JOINT B" 


ARROW LINE 


JOINT B 


"OTHER SIDE 
OF JOINT B" 
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(a) 


SYMBOL GEOMETRY OF SYMBOL GEOMETRY OF 
(INDICATES UPPER JOINT (INDICATES LOWER JOINT 

JOINT MEMBER TO JOINT MEMBER TO 

BE PREPARED) BE PREPARED) 


FIGURE 26.6(a, b) m Method for indicating which member of a joint is to be prepared. 


Method for Indicating Which Member of a Joint Is to Be Prepared 


An ISO symbol does not provide for the use of a broken arrow line to indicate which joint member of a groove 
weld is to be prepared. However, it is indicated by an unbroken arrow line as illustrated in Figure 26.6. When 
the direction of the arrow points toward the upper member of the joint, it indicates that the upper member 
is to be prepared, Figure 26.6(a). Conversely, when it points toward the lower member, it indicates that the 
lower member is to be prepared, Figure 26.6(b). 


DIMENSIONS APPLIED TO ISO SYMBOLS 


The variety of dimensions applied to ISO symbols and their locations with respect to the symbols are similar to 
AWS welding symbols. However, there are a number of differences, as will be found in an analysis of Table 26.3. 
Examples of the use of ISO symbols are illustrated in Table 26.4 through Table 26.8. For purposes of clarity, 
dimensions have not been applied to these symbols. 
A comparison of ISO symbols to AWS welding symbols is found in Table 26.9. Additional symbols appli- 
cable to AWS and not found in ISO symbology are illustrated in Table 26.10. 


Examples of Use of Symbols 


Table 26.4 through Table 26.8 give selected examples of the use of ISO symbols. They are given for explana- 
tion purposes only. 


Designation 
No. of Welds Definition 


s : minimum distance from the surface of the part to 
the bottom of the penetration, which cannot be 
greater than the thickness of the thinner part 


1 Butt weld 


Butt weld 
between plates 
with raised 


s :! minimum distance from the external surface of 
the weld to the bottom of the penetration 


: height of the largest isosceles triangle that 
can be inscribed in the section 


Continuous 
fillet weld 


z : side of the largest isosceles triangle that 
can be inscribed in the section 


LX 


yr wm te |: length of weld (without end craters) 
(e) : distance between adjacent weld elements 
n : 


4 Intermittent eel fuigl 3 number of weld elements 
see No. 3 
fillet weld a } ( ) 


TABLE 26.3 m ISO symbols—main dimensions. (continued) 


Inscription 


a IN nx | (e) 
z NN nx! (e) 


2 
- 
= 
i | 
Q 
= 
0 
> 
Q 
ee 
wn 
Q 
= 
Q. 
Q 
= 
Q. 
WA 
< 
3 
om 
oO 
a 
o 
= 
> 
a 
=} 
©@ 
a 
Ww 
me, 
iW 


Designation 


of Welds 


| ,(e) 


Staggered 
5 | intermittent 
fillet weld 


Plug or 
slot weld 


7 | Seam weld 


8 | Plug weld 


9 | Spot weld 


TABLE 26.3 m ISO symbols—main dimensions. (concluded) 


(e) 


(e) 


Definition 


| 
(e) 


n 


| 
(e) 
n 
@ 

| 
(e) 
n 


C 


: (see No. 3) 


| (see No. 4) 


| (see No. 4) 


width of slot 


| (see No. 4) 
width of weld 
(see No. 4) 


spacing 
diameter of hole 


(see No. 4) 
spacing 
diameter of spot 


Inscription 


cf Ynxie 


¢ EF axle 


d | ] nx (e) 


d C) n x (e) 


a 
a 
_ 
= 
cad 
c 
® 
me] 
ae 
5 
i 
r) 
o 
2 
Q. 
5 
@ 
o 
= 
5 
Qa. 
S 
wa 


Designation ; 
Symbol Illustration 


Butt weld 
between 
plates with 
raised edges 


B18 


2 
Square 
butt weld 
‘| | 
4 
5 
Single-V 
butt weld 
6 


TABLE 26.4 m Examples of the use of elementary symbols. (continued) 
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Designation Symbolization 
No. Symbol Illustration 


Single-bevel 
butt weld 


Single-V butt 
weld with 
broad root 


face 


Single-bevel 
butt weld 
with broad 
root face 


af 


} 


TABLE 26.4 m Examples of the use of elementary symbols. (continued) 
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Designation Symbolization 
Symbol Illustration either 


Single-U 
butt weld 


v 


Single-J 
butt weld 


4 


Fillet weld 


20 


TABLE 26.4 m Examples of the use of elementary symbols. (continued) 
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Designation Ssymbolization 
No. Symbol Illustration either or 
a 


Fillet weld 


N 


Plug weld 


Seam weld 


TABLE 26.4 m Examples of the use of elementary symbols. (concluded) 


Designation 


Flat (flush) single-V butt weld 


Convex double-V butt weld 


Concave fillet weld 


Flat (flush) single-V butt weld with flat (flush) backing run 


TABLE 26.5 @ Examples of application of supplementary symbols. 


Designation Symbolization 


Symbol [lustration either 


Butt weld be- 
et. en 
a 


tween plates 
with raised 
edges 


JL 


and backing 
run 


Y 


Square butt 
weld 


welded from 
both sides 


Single-V 
3 | butt weld 


V 


and backing 
run 


OI 


TABLE 26.6 @ Examples of combinations of elementary symbols. (continued) 


320 = Blueprint Reading for Welders 


Designation Symbolization 
No. symbol Illustration either 


Double-V 
butt weld 


V 


(X weld) 


Double-bevel 
butt weld 


Y 


Double-V butt 
weld with 
broad root face 


Y 


Double-bevel 
butt weld with 
broad root face 


4 


Double-U 
butt weld 


U 


Double-J 
butt weld 


TABLE 26.6 @ Examples of combinations of elementary symbols. (continued) 


Pee ey See 


Designation Ssymbolization 
Symbol Illustration either 


Single-V butt 
weld 


V 


and single-U 
butt weld 


oN 


Fillet weld 


aN 


and fillet 
weld 


wf IN 


le 


TABLE 26.6 @ Examples of combinations of elementary symbols. (concluded) 
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Designation 
No. Symbol _ Illustration 


TABLE 26.7 @ Examples of combinations of elementary and supplementary symbols. 
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Symbolization 
Illustration either 


TABLE 26.8 m Examples of exceptional cases. (continued) 


Note: When the arrow cannot point to a joint, symbolization cannot be used. 
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Symbolization 


Illustration either or 


not recommended 


not recommended 


not recommended 


TABLE 26.8 m Examples of exceptional cases. (concluded) 


ISO SYMBOLS AWS SYMBOLS 
No. Designation symbol No. | Designation Symbol 
: Lo I. 
I 3 “IL 
; Va 7 
ys a. 
J 9 a 
yo LE 
=a = 
CO i 
I GS 3 a. 
few fe 


TABLE 26.9 m= Comparison of ISO symbols to AWS symbols. (continued) 
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ISO SYMBOLS AWS SYMBOLS 
No. Designation symbol No. Designation symbol 
13 | Spot (projection) weld -C)- 13 he Rss 
: Q % fe) 
: e & a 
i <a aa 


—_ 
(<=) 


20 =| Permanent backing strip used [Ml 20 | Permanent backing or spacer , 7 
Removable backing strip used IMA] Backing to be removed yok 


a Z * Ie Wi 
: Th [ee TL. 
25 —_| Steeped-flanked single-V bevel butt weld Le 25 | Bevel groove az 


i 
: 
: 


27 =| Flush or flat contour 

28 | Convex contour 

29 | Concave 

30 | No such designation No symbol 


31 Weld-all-around 


PPIEICD] | |e 
CDI 


vn 


33 ——---- No symbol 33 | Double V-groove with spacer -J~f- 
34 ——---- sis No symbol 34 | Double U-groove with spacer -}—f- 
35 ——---- sis No symbol 35 | Double bevel groove with spacer “ —- = 
36 SS No symbol 36 =| Double J-groove with spacer FR 


N 
o 


¥) 


‘o7 | Fillet weld leg size (size is 
preceded by lowercase “z”) 


37 _| Fillet weld ga 
leg size 


38 —_| Fillet weld throat thickness (thick- 38 No similar 
ness is preceded by the letter “a”) symbol ; 
designation 


ZS 
| 


39 | Tail of welding symbol for 
reference 


39 | Tail of welding symbol for reference 


information 
6947 


\. 
7) 
1?) 


40 {Staggered intermittent 
fillet weld 


40 | Staggered intermittent 
fillet weld 


x 


TABLE 26.9 @ Comparison of ISO symbols to AWS symbols. (concluded) 
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KX 


Double-V-groove 


1/4 x 1/2 


SAE 1020 


Double-bevel-groove 


Double-U-groove Double-J-groove 


Combinations of groove weld symbols with spacer symbol 


3rd Operation 


2nd Operation 


1st Operation 


1st 
2nd 
3rd yi; 


Multiple reference lines to indicate sequence of operations 


(E) Weld 


Reference to seal weld 


1/4 x 1/2 
SAE 1010 


1/2(5/8) 
1/2(5/8) 


Reference in tail to spacer size and SAE specification 


Back 
Gouge/ 5/8 


ae 
60° 


Reference in tail signifying to back gouge 


Backing 
Weld 
R 


Reference to backing weld 


U — Finishing method unspecified 


Broken arrow for pointing to joint member to be prepared 


_G_ 
Grind 
Flat 


Reference to grind flat 


Flag points in either direction 


(3/4) 


/ (3/4) 


Joint penetration not specified, size of groove weld is specified 


TABLE 26.10 m Additional AWS symbols for which there are no comparable ISO symbols. (continued) 


9/16 2 / Typical ee 
5/16 4 both angles 7 
(VA IA Gr.50 
Typical reference in tail 30° 


Reference in tail to backing strip size and material 


Joint preparation not specified, complete joint penetration 
required, as indicated by reference in tail 


PW 
See detail B 


Detail reference in tail 


TABLE 26.10 m Additional AWS symbols for which there are no comparable ISO symbols. (concluded) 


APPLICATION OF ISO SYMBOLS TO 
DRAWINGS (FIRST-ANGLE ORTHOGRAPHIC 
PROJECTION) 


ISO symbols for weld representations are generally found on drawings prepared with the views shown in first- 
angle orthographic projection. The symbol for indicating this is illustrated in Figure 26.7. 

Dimensioning on drawings is in the metric system, usually given in millimeters (mm). 

In first-angle projection, the top view is shown below the front view, the left side view is shown to the right 
of the front view, and the right side is shown to the left of the front view, Figure 26.8. A typical first-angle 
projection drawing is illustrated in Figure 26.9. 

The three most commonly used views for both first-angle projection and third-angle projection are the 
front top and right or left side views. Note the second- and fourth-angle projections are not used for working 


drawings. 
RIGHT SIDE VIEW FRONT VIEW LEFT SIDE VIEW 
TOP VIEW 


FIGURE 26.7 m Symbol for first-angle 
projection. FIGURE 26.8 m@ Location of views in first-angle projection. 
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FRONT VIEW 


LEFT SIDE VIEW 


© 13.0 DRILL THRU 
TYP 


TOP VIEW 


+} 


NOTE: DIM. ARE IN MM. 


FIGURE 26.9 m A typical first-angle orthographic projection three-view drawing. 


First-Angle Orthographic Projection 


The arrangement and shape of views for first-angle projection is derived from viewing an object located within 
the three planes of the first quadrant of a circle. An identification of each quadrant and each plane is illustrated 
in Figure 26.10. 

In the derivation of views for first-angle projection drawings, (1) the front view is projected to the verti- 
cal plane, (2) the top view is projected to the horizontal plane, and (3) the left side view is projected to the 
profile plane. 

When an object is placed within the first quadrant, it is viewed in front of each plane and then projected to 
the plane for deriving the front, left side, and top views, Figure 26.11. By rotating the profile and horizontal 
planes 90° to a single plane, the shapes and relative positions of the views are shown as they would appear on 
a first-angle projection drawing. 


3 
LIK 
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FIRST QUADRANT 


VERTICAL 


PROFILE 
PLANE 


HORIZONTAL 
PLANE 


THIRD 
QUADRANT 


FOURTH 
QUADRANT 


FIGURE 26.10 m Identification and respective locations of quadrants and planes 


Note: The symbol used to indicate a plane is a straight line with a dot at one end ( 
on the plane. 


— e) and placed 
IMAGINARY 
VIEWING HINGE (4) 
—. VIEWING 
PROFILE VERTICAL 
PLANE PLANE PROFILE PLANE 
PROFILE 


PLANE 


LEFT 
SIDE 
VIEW 


TOP VIEW 


~ VIEWING 
HORIZONTAL HORIZONTAL 
HORIZONTAL TOP PLANE PLANE 
ieoklua — FIRST-ANGLE QUADRANT UNFOLDED 
INDICATES DIRECTION OF ROTATION (90°) TO A SINGLE PLANE 
FOR SINGLE PLANE 


FIGURE 26.11 @ Deriving views for first-angle projection drawings 


LEFT 
SIDE 
VIEW 


TYPICAL — 
2 PLACES 


‘i STK 


38.0 X 38.0 X 6.35 
STL Z STK— 
TYPICAL FOR 
ZSTK 


Z5 


—ZT 
TYPICAL — 
2 PLACES 


M8 
TAP THRU — 
4 PLACES 


© 10.20 DRILL, 
THRU — 4 PLACES 


14.0 


pe monreccet. At 


@ 46.0 BORE 
THRU 


bs 1 @ 13 DRILL 
THRU — 2 PLACES 


OS 


TYPICAL — 
4 PLACES 


NOTE: ALL DIM. IN MILLIMETERS (mm). 


<4 


FIRST-ANGLE PROJECTION 


TOLERANCES | ys COMPOSITES CORP 


(EXCEPT © 
AS NOTED) 


MM ox ons) MATE 

+ R 

XX 2 Og | LOW CARBON STL 
TITLE ROTISSERIE MOTOR 

AND BRG STAND 


ORAWING NUMBER 
0-T-0024 


ORAWN BY 
L.J. SIY 


APPROVED BY 
LAWRENCE SOWERS 


idl 
W 
o 
|_| 
= 
¢ 
i) 
me) 
rae 
=] 
ke 
a 
© 
Q 
Q. 
= 
@ 
oO 
= 
. 
Q. 
i) 
= 
Ww 


UNIT 26 International Standard Symbols for Welding 1 331 


UNIT 26: REVIEW A 


Refer to the drawing, Rotisserie Motor and BRG Stand, page 330. 
Graph paper is provided at the end of this review for your use. 


1. What type of working drawing is illustrated? 


2. a. What type of orthographic projection is 
illustrated? 


b. How was this determined? 


(3) 


3. Identify the views that are shown. 


4. a. Give the significance of each of the elements 
found on the following ISO symbols. 


oe ee es es aa ee b. Identify whether the welds are to be arrow side, 
75 other side, or both sides. 


(1) 
(2) 
(3) 


(1) 5. Identify a reference dimension found on the 
drawing. 


6. a. How many millimeters of angle stock are 
required to make the part? Allow 2.0 mm for 
each cut. 


a0 b. List the number and length of pieces 


required. 


i 
Se 
as 

. ee 


7. List the sizes (in mm) of 9.5 mm plate stock 
required. 


Oo: 


10. 


11. 


LZ; 
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a. List dimensions: 


@) 
® 


CG) 


© 


. In which view can dimension ©) be found 
without performing any calculations? 


oS 


Give the mm size of the tap drill required for 
tapping the M8 thread. Refer to Appendix 6 
for obtaining this information. 


. 


b. What fractional number or letter size of drill 
could be substituted? Refer to Appendix 4 
for obtaining this information. 


a. Is the following multiple arrow illustration 
an accepted ISO standard? 


b. Is it an acceptable AWS standard? 


Why is a dashed line not shown as a part of the 
following ISO symbol? 


What is the significance of the following 
abbreviations? 


MATL 
STK 
NTS; 


BRG 


15, 


What is the significance of the note “TYPICAL 
4 PLACES”? 


14. How would a throat size dimension of 7 mm be 


15; 


16. 


Ly: 


18. 


19. 


20). 


21, 


22, 


shown on the following ISO symbol? 


a 


What are the maximum and minimum 
allowable sizes for the following dimensions? 


2/6.0—Maximum 
Minimum 
6.35—Maximum 
Minimum 


Give the significance of M8 as found on the 
drawing. 


M 
8 


How many 13.0 mm drilled holes are required? 
How many tapped holes are required? 
How many bored holes are required? 


What is the tolerance allowable (plus and 
minus) for the following dimensions? 

a, 95 

b. 98.0 


In which view(s) are lines missing for indicating 


drilled holes? 


Sketch a right side view of the complete unit. 
Use graph section for answer. 
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23. Sketch a right isometric of the complete unit. 29. If an intermittent, other side, fillet weld were 
Use graph section for answer. required, how would this be shown (exclusive 


of dimensions) on the symbol that follows? 
24. What is the tolerance specified for the 


bored-hole? 


25. a. Should the threaded holes be tapped before 
execution of the welds? 


b. Give reason(s) for your answer. 


30. a. Ifa flat ground finish were required, how 
would this be shown on the ISO symbol that 
follows? 


26. a. Should the drilled holes and bore in part ) 23 
be made before welding? 


b. Give reason(s) for your answer. 


b. Is this symbol shown correctly? If not, 
correct it. 
27. What special preparation of part ) is required 
before welding? 
c. What is the significance of the number 
found in the tail of the symbol? 


28. a. Should the drilled holes in part () be made 


before welding? 31. Prepare a bottom view (first-angle orthographic 


projection) of the complete unit. Use graph 
section that follows. 


b. Give reason(s) for your answer. 
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RZNANZARNANANANZANAN AN ANANAN ANNAN ANNAN 
ZINZRYNZNYINYZINZINZINZNYNYAYINZINYNYNYZAYINZINZIN 
NINVINZIN INAV INNA ZINN NINN INN 
ZVANVANVANVANVANVANVANVANVANVANVANVANVANVAN ANNAN 
NZINYINZINYZINYANY INNA ZINN IN ZINN NINN 
ZINZNAZNYZNZINZRNYZNYZINZNYZNYINZRNZANYINANZAAYINZANAK 
NZINVINYINYINVANYZINYINYANY INNA ZINN IN ZINIINY IN 
ZNANVANVANVANVANVANVANVAN VAN VANVANVANVANVANANVANVANVAN 
NINVINYINYINYANYZINYIN/ANYINY INN ININVINYIN ZINN 
ZANVANVANZNVANVANVANVANVANVANVAN VAN ANNAN ANAS 
NINVINYINY NYA INVANY INN 
ZANZANVANVANANVANVANVANVANVANVANVANANVANVANVANANVANN 
RZNZNANANANVANVANANANVAN ANNAN ANNAN ANNAN 
ZNNVANVANANVANVANVANVANVANVAN VAN VANVANVANVANVANVANAN 
RZNZANARVANVANVANVANVANANVANANANVANVANVAN ANA 
ZINZNZNYINZNZNZNZINZINYZAYINYNYANZINYNYZAYINZNARK 
RZNZANARVANANVANVANVANVANVANVANVANVANVANVANVANVANAN 
ZNVANVANVANANVANANANVANANAR ANA ANVANVANN 
NZNZANANANVANANANANANARVANANANANVANVANVANVAN 
ZNVARVANANANVANANVANVANANARANVANANANANVANVAN AN 
RZNZANARANANANANANANVANVANARNVAN ANNAN ANN 
ZNVARVANVANANVANANANVANANAR AN VANVANANANVANVANAN 
RZNZANARANANANANANANVANVANARVAN ANA ANNAN 
ZNVARVANVANANVANANVANVAN ANA ANVARNVAN AN ANVANAN 
RZNZANANANANANVANAN ANNAN ANNAN ANNAN 
ZNVANVANANANVANVANVANVANANVARVAN ANA VAN ANVANAN 
NIZINZINZINZINVINZIN INARA INZANAN NINN 
ZANVARVANANANVANANANANANARVANANARNVAN AN ANANN 
NIZINZINZINZINNZINZININAAVINAINYNY INIA ZINYNIN 
ZNVANVANANANVANANANANANARNVANANVARNVAN ANNAN 
NIZINVINZINZINVINZININYAAVIN INNA ZINN 
ZNVANVANANANVANVANANVANANVAN VAN ANVARNVANVANANVANVAN 
NMZNZNARANANANAN NANA ARAN ANARN AN ANANA 
ZNVANVANANARNVANANANVANANVARNVANANVARNVAN ANA 
NZINZINZINZINZINZININYANYINZINVNYZ IN ZINN INIA 
ZANANVANANARVANVANANVANVANVANVANVANVARVANVANVANVAN AN 
NIZINVINZINZINYINZINZINANY INNA IN ZINN INVINY IN 
ZANANVANANZANVANVANVANVANVANVANVANVANAR VAN VANVANVAN AN 
RZNZNANVANANANVANANANVANANANVAN VAN ANVANVANAN4 
ZANVANVANANARVANANANVANANANANANANVANANVANVANN 
RZNZNNZANARARVANANANVANANVARNVANANAR ANA 
DANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVAN 
RZNZNZANZNARARVANANARVANANVARVANANVARNVANVANVAN4 
ZANANVANVANANVANANANVANANANVAN ANNAN ANNAN 
NYINVINYZINZINYAY INIA ZINN NINN IN ZINN IN 
ZNVANVANZNANVANANANVANANANVANANVANVAN ANNAN AN 
NVINVINYZINYZINAANY INIA IN ZINN ANANZI ZINN 
ZINZNZANYRNYINZNYZNYINAZINYNYZINZRNYNYZINYZNNYZININAN 
NZINVINZINZINYINYINZINAANYZINZINVANYINYZINANZ INN 
ZANVANVANVANANANANANANANANVANVANVANVANVANVANVANVAN 
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RZANZNZARZNANANEANANAN AN ANANAN NANNY 
ZINZNZANYZNYINZRNYNYZINYNYANYINYINYAANY INIA 
NINVINZIN INVA ZINN IN ZINN INN 
ZISZNZNYINZNZRYANYINZNYZNYINZRNZNYINZINYZNYIAZAAKN 
NZNZANARVANANANAN HANAN 
ZINZNZNYNZINZRNYZNYZINZNYNYINYZRNYZNYINZNZANYINNAN 
NINVINYINYIAVANYINYINANYINYINANY IN ZINVIN IN ZINN IN 
ZINZNZNYANYZINZNZNYZINZNYNYINYZNYZNYINZNZANYZINY/ANIAN 
NYINVINYZINYINAYIANYINYN/ANYINYZINANY IN INVINYIN ZINN 
ZANVANVANZANVANVANVANVANVANVANVAN VAN ANVANVAN ANAS 
NINVINYINYINYANYZINYN/YNYINYNNYZINYINVANY INNA 
ZINZNZNYNZNZRNZANYINZNYANYZINZRNYZNYINYNYZNYIANZANAK 
NVINVINZINZNYANYZINYN/ZNYINYNYANYINYINNYINYINNYZ IN 
ZANVANVZANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANN 
RZNZANARVANANVANVAN ANNAN ANVANVANVANVANVAN ANN 
ZINZNZNYINZNZNZNZINZNYANYINZNYANZINYNYZNYINZNARK 
RZNZANARVANVANVANVANVANVANVANANVANVANVANVANVANVANANV 
ZINZNZAYINZNYANYAYINYINNY INA INIA 
NIZIANYINZINZNYANYINZNZANYINYZNYNYZNANYNYINYINAANY ANZ 
ZNVANVANVANANVANANANVANVANAR ANA ANNAN AN 
RZNZANANANANANANANANVANVANVARNVANVANANVANANAN 
ZNVARVANVANZANVANANVANVAN HANAN VAN VAN ANNAN 
RZNZANANVANANANVANANANVANVANARNVAN AN ANAN AN AN 
ZNVARVANANANVANANVANVANANARVANVANVANVANANVANVANAN 
NIZIZINZINZINYINZINZINZAYANAARNYAN ZINN INNA 
ZNARVANVANANVANVANVANVANVANVARVAN VAN ANA ANN 
RZANZANARVANANANVANAN AN ANANANVAN ANA ANNAN 
ZANARVANANANVANANANVAN ANA ANNAN ANNAN ANN 
NIZINZINZINZINVINZINAINYAAAYINANYN INIA INNYANIN 
ZNVANVANANANVANANANANANARNVANANVARNVAN ANANZI 
ANINZINZINYINZINVINVINYRYINZNZINYZNYZINVIANY INVA INN 
ZNVANVANANANVANVANANVANANAN VAN ANVARNVAN ANANZI 
NINVINZINZINVINZINZINYAAYIN ZINN IN ZINN ZINN Z 
ZINZNZAZINZINZRAYANYINYINYANYINZNNZ IN ZINN INI 
NZINZINZINZINYZINZINYINYANYIN ZINN IN ZINVNINZAINYININ 
ZANANVANANANVANVANARNVANVANVANVANANVARVANVANVANVANAN 
NIZINVINZINZINVINZ INNA ZINN INIA IN INVINY IN 
ZNANVANANANVANVANANVANANVANVANVANARVANANVANVAN AN 
NINVINYIN ZINN INNA IN ZINVANY IN ZINN IN INVININ 
ZANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVAN 
NINVINZININVIN INIA IN ZIAVNY NINN INN 
ZINZNZNARYNZNZANYZINZINYNYZINZRNZNYZINZINYNYZIN ZINA 
RZNZNZANZNZRARANANARNVANANVANVANANVARNVAN ANA 
ZANVANVANVANANVANANVANVANANANVAN ANNAN ANNAN 
RZNZNZANANANARANANARNVANANANVANVANANVAN ANA 
ZINZNZNZNYZNZNANZINZINNYZINZRNANYZINYZNNY IANA 
NVINVINZINYZINVANY INIA INIA INIA ZINININ 
ZINZNZANYNZNZNZANYINAZIANANYZINZRNYNYZINYZNNYZINZINA 
NZINVINZINYINVINYZIN INNIS Pe AKEKBEKACEK BK 
VANVANVANVANVANVANVANVANVANVANVANVAINVANVANVANVANVANVANVAN 
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UNIT 26: REVIEW B 


Graph paper is provided at the end of this review for your use. 


. Sketch the components of an ISO weld 5. a. Sketch the contour symbols that may be 
symbol. applied to ISO weld symbols. 

. Identify each component. b. Identify each. 

. Sketch three “Complimentary Indications” 6. a. Identify whether the following symbols have 
that may be added to an ISO weld symbol. application to ISO, AWS, or to both ISO and 
Apply each to an ISO weld symbol. AWS. 

. Identify each. 

SAE 
1040 
. Sketch two elementary ISO weld symbols (1) 


that are not included in the basic American 


Welding Society (AWS) weld symbols. 
23 
. Identify each. 


Os 


4. Sketch five ISO weld symbols that are identical 
to AWS weld symbols. Show these in the table 


format that follows. -_ 
AWS ISO 


(4) 


(5) 
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8. On the following sketch identify which are 
the arrow side and other side of the joints (as 
recognized by AWS and ISO). 

a 


[| g 


ga peat ee ele a ane ace meee 


/ aN 2 


9. a. On the following sketches identify which of 
the joint members are to be prepared for the 


b. Describe the welds indicated by the symbols weld. Modify each joint to illustrate how the 
1 through 7. Identify whether they are arrow geometry of each joint would appear. 
side, other side, or both sides. 
(1) 
(2) 
(3) 
(1) 


(5) 
(6) (2) 

b. Identify the welds required. 
(7) (1) 


(2) 


7. Sketch the ISO symbol for the following welds. 
10. Interpret the following ISO symbols. 
. Plug weld 


o » 


. Seam weld 


Single J-butt weld 


ous. 


. Butt weld between plates with raised edges 


oO 


. Surfacing weld 


Loam) 


Spot weld 
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b. 10 X 20 (18) 


Z12V 10 X 10(14) 


Z12 
10x 10 
(14) 
11. What is the most common system of measure- 


ment found on first-angle orthographic 
projection drawings? 


12. What is the unit most commonly used? 


13, 


How is the system of measurement signified on 
a drawing? 


. Identify the three most commonly used views 


for first-angle and third-angle projection 
drawings. 


. a. In the sketch that follows, identify each 


view in terms of first-angle orthographic 
projection. 


b. Interpret the weld symbols shown in 
the sketch. Include the type of weld and 
whether the weld is on the arrow side, other 
side, or both. 


c. Sketch the geometry of the joints to be 
welded. 


| ; UNIT 26 International Standard Symbols for Welding 1 339 


16. In the sketch that follows, identify the quadrant 17. a. As derived from the three-dimensional 

applicable to: drawing that follows, prepare a three-view 
first-angle orthographic projection drawing 
that includes a front view, top view, and left 
side view. 


a. First-angle projection 


b. Third-angle projection b. Identify (1) the welds required, (2) their 


location (arrow side or other side), 


(3) contour, and (4) method of finish. 


THRU HOLE 
2 PLACES 
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18. a. Identify the type of three-dimensional 
drawing that follows. 


b. Prepare a three-view first-angle orthographic 
projection drawing which includes front, 
left side, and bottom views. Use the graph 
paper that follows this review for this 
purpose. 


c. Apply the weld symbols shown on the three- 
dimensional drawing to the appropriate views 
and joints of the first-angle orthographic pro- 
jection drawing. 
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19. a. Identify the type of three-dimensional 
drawing that is illustrated as follows. 


THRU- 
oF 2 
PLACES 


a 
Te ace 


a8 NO 
a8 Oa 


b. Prepare a three-view first-angle orthographic 
projection drawing including front, top, 
and left-side views of the three-dimensional 
drawing. 


c. Apply the weld symbols shown on the three- 
dimensional drawing to the appropriate views 
and joints of the first-angle orthographic pro- 
jection drawing. 
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RZNANZARNANANANANANAN ANNAN NANNY 
ZINZRAYNZNYINYZINZINZINZNYNYAYIZINYNYANYAYINZINZIN 
RZNZNZARANANARNANANANANANARNVAN ANA 
ZINZNZANYINZNZRNYZNYZINZNYZNYINZRNZNYZINZNYZNYIAZAAKY 
NZNZNARVANANARNVAN ANNAN NANA ANVANVAN ANA 
ZINZNZNYZNZINZRNYZANYZINZNYZNYINYZRNZNYINAINZANYINZNA 
NAINVINYINYINAVANYINYINANYZINYINANY IN ZINN NINN IN 
ZINZNZNYZNZINZNZNYZINZNYNYINZRNYZNYINZNZANYZINY/ANIAN 
NYINVINYINYINYANYINYIN/ANYINYINANY NINN INIA IN 
ZANVANVANANVANVANVANVANVANVANVANVAN ANNAN ANNAN 
NAINVINYINYINYANYZINYIN/NYZINYNNYZINYINNY INNA 
ZANZANVANVANVANVANVANVANVANVANVANVANANVANVANVANVANVAN AN 
RZNZNARVANANANVANANANVAN ANNAN ANAN ANA 
ZANANVZNVANANVANVANVANVANVANVANVANVANVANVANVANVANVANN 
RZNZANARVANVANVANVANVANVANVANANVANVANVANVAN VAN ANAN 
ZINZNZNYNZNZNZNZINZNYZAYINYZNYANYZINYNZAYINZNAR 
RZNZANZARVANVANRVANVANVANVANVANVANVANVANVANVANVANVANAN 
ZINZNZAYINZINYANYZAYINYINNYINAANYINZINY/INANY INIA 
NIZINYINZINZNYZANYINZANZANYNYANYNYNANYNYZINYNAANY NZ 
ZNZANVANVANAN AN ANANANANAN ANA ANAaNANANANS 
RZNZANZANRVANANANANANANVANVANVARVANANANVAN ANN 
ZNVARVANVANANVANANVANVANANVAR VAN VANVAN ANNAN AN 
RZNZANANVANANANVANANANVANVANVARNVAN ANNAN ANA 
ZNVARVANVANANVANANANVANANVARVANVANVANVANANVANVANAN 
RZNZANANANANANVANANANANANARNVAN ANA ANN 
ZINZNZNZINZNAZRANYAYINY INN INAINANYZINZINVANY IN IN, 
NIZINZINZINZINYANYZINAINYAAYINYAANYAN INNA 
ZNARVANANANVANANANAN ANA ANNAN ANNAN ANN 
NZANZANANVZANZANANZANANANANVANVARNVANANVANVANVANVANYA 
ZNVANVANANANVANANANAN ANA ANA ANA ANN 
NIZINVINZINZINVINZINZ NYA ZINN YIN IAIN INN 
ZNVANVANANANVANVANANANANVAN VAN ANVARNVAN ANANZI 
NZINVINZINZINVINY INNA ZINN IN ZINN Z 
ZRVANVANANVANVANANANVANANVAN VAN ANVARVAN ANANZI 
NZINVINZINZINYINZININYANYINZINVINY IN ZINVANINZINYINN 
ZANANVANANARNVANVANANVANVANVANVANANVARVANANANVANAN 
NZINVINZINZINYINZINZINANYIN ZINN IN ZINN ZINN IN 
ZINZINYAWINZINZRAYANYINZINYANYINYZRNANYZ INNA 
RZNZNANVANANANANANANVANANANVAN AN ARNVANVANAN 
ZANVANVANANARNVANANANVAN ANA ANNAN ANNAN 
RZNZNANZANARARNVANANARVANANANVAN AN AR ANA 
ZANVANVANANANANANANVAN ANA VAN 
NINVINZINYINVINZ INIA INIA IN INV ZINN IN 
VANVANVANVANVANVAINVANVANVANVANVANVAINVAINVAINVANVANVANVAINVAIN 
NYINVINZINYINVAAY INIA IN ZINVANY NINN IN ZINN IN 
ZNVANVANVANANVANANANVANANANVANVANVANVANANANVANN 
RZNZANZANANANANANANARNVANANAR VAN ANA 
ZINZNZNYNZNZNYZNYINAZRNYZNYZINAZRNYNYZINYZRNNYZININAN 
SBKSCAK BSBA AK BIKBKABKAKS KB AXAKBK ABS 
ZIVANVANVANVANVANVANVANVANVANVARVANVANVANVANVANVANVANVAN 


—N 
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NANVANLANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVANVA 
VANZNVANANZNANZANANANANANVANANANANANANARNVANANVANANVANAN 
RZNZNANANANANZNNZANNANAN ANNAN ANNAN ANN 
LNANVANVANVANANANVANVANANVANVANANVANANVANANVANANANANANANANVAN 
RZNZNANNARANANANAN ANN ANN ANANTH ANA 

ZANANVNVANANANANVANVANANVANVANVANVANANVANVANVANVANVANVANVANVANVANVAN 
RZNZNANZANANANANANANANANANAN ANNAN ANNAN ANA ANN 
ZANVANVANVZANANNANZANVANANVAN ANN ANNAN ANA ANVANANVAN AN 
RZNANZNANANANANANANVANANANANANANAN AN ANANANARANANAN 
ZNVANVANVANVANVANANVANVAN ARVANA ANNAN ANNAN AN 
RZNANZNANARNAN ANNAN ANA ANA ANNAN ANA 
ZANVANVANVANANVANANVANVANANVANAR ANNAN ANA ANANANARNVAN ARN ANAN 
NINZINYIYINYININZNINIAY NINN INININYININYINZINYA INIT) 
ZANVANVANVANANVANANVANVANANVAN ARN ANANANAN AN ANARANARNVANANANAN 
NZINZIAYINYINYINZINZININ/INY NIN MVNA INIA AINA LN 
a 
SESE BEE EN SES ASE 


KPRPRORPKDKP RE RORORD DAD PRDRDR DDK DK PDR DK DDD 
ZANVANVANZANANANANZNVANANVANANVANAN ANN ANANARNANARNVANANAN AN 
MWANZNZNZANARNANANANAN ANN ANNAN ANA ANNAN 
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Introduction to 
Computer Aided 
Drafting 


Computers have increasingly become an integral part of the design and manufacturing environment. The engi- 
neering professional and support staff use computers extensively for the production of working and design 
drawings. These drawings are created using a variety of different drafting and design programs designed to 
produce two-dimensional and/or three-dimensional (length, width, and depth) drawings, see Figure 27.1 and 
Figure 27.2. 

In addition to drafting and design, software is also available for the creation of three-dimensional solid 
models and photo realistic renderings, see Figure 27.3. Computer software is also available to translate work- 
ing and design drawings into machine instruction to aid in the production of the designed part. 


FIGURE 27.1 m Typical CAD drawing. 


UNIT 27 Introduction to Computer Aided Drafting » 347 


‘SULMeIp CVD [eIddL @ 7 /Z ANNO! 


S5OV 1d (Z) SOVAYNS dOL — GLO" S60" 


WOds S60° LASSSAO SNICGVE OSL’ 


OOL’ 
(| 
t te 
ee 
v Elz y60'H 001 
BES 0s8°| ————> BES : 


Go 
08Sg°¢ —_____& OSI’ 
00g ~——r~ = ——— 000° —————_> 
009° Ty 000'1 
L:g'% AIVOS | ey 
@ 1v13d ord | 


348 u Blueprint Reading for Welders 


Q 


FIGURE 27.3 m Three-dimensional solid model. 


Examples of computer programs that are used extensively in manufacturing are: 


™ Computer Assisted Machining (CAM) 

™ Computer Integrated Manufacturing (CIM) 

® Computer Numerical Control (CNC) 

™ Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) 
™ Computer Aided Drafting and Design (CADD) 

™ Computer Aided Drafting or Computer Aided Design (CAD) 


The primary focus of this unit is to introduce the basics of Computer Aided Drafting (CAD). 

Note that Figure 27.1 and Figure 27.2 include pictorial (isometric) drawings to assist in identifying the 
relationship of orthographic views to one another, thus expediting the interpretation of the drawings. 

CAD programs provide the user with the ability to store and retrieve graphics and text information. The 
drawings produced by CAD can be used in a variety of different ways. For example, they can be used as an 
overlayment for detecting deficiencies and interference. 

Three-dimensional drawings produced by CAD are often referred to as models. Models are often used to 
perform complex engineering stress analysis. In addition, three-dimensional models are often used to check 
tolerances and fits of complex assemblies. These capabilities, along with numerous others, have made this 
technology a welcomed addition to the engineering community. CAD has improved drawings standards and 
quality by allowing the user to build libraries of commonly used symbols and parts, thus allowing the user to 
merely insert these components instead of recreating them every time one is needed. CAD has improved the 
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accuracy of engineering drawings. Most CAD drawings are created at a scale of 1:1 (full) and printed at the 
final desired scale. 

These capabilities have not only decreased the amount of time required to produce and check engineering 
drawings, but have also improved the time required to design and manufacture parts and assemblies. 

Models produced by CAD software can be loaded and analyzed by CAD/CAM programs to produce machine 
instruction for CNC (Computer Numeric Control) equipment, thus allowing for the production of part and 
components with minimal intervention by a machine operator. 


COMPONENTS OF A CAD WORKSTATION 


A computer workstation is where CAD drawings are produced. Basically, there are two main classifications 
of computers: mainframe and personal computers. Mainframe computers are used extensively by large 
corporations and governments for a variety of functions because of their speed and power. However, main- 
frames are extremely expensive and therefore are not effective and efficient solutions for smaller companies 
and organizations. 

The personal computer has become the primary workhorse of the CAD community because of its size, cost 
of operation and maintenance, and speed. 

Basically, a computer can be divided into two main categories: hardware and software. The hardware is 
made up of an assortment of electronic devices interconnected by electric cables, Figure 27.4. In short, hard- 
ware can be thought of as everything on a computer that can be physically touched. Software consists of the 
instructions used to make the computer's hardware work. It enables the operator to control the computer. 


CPU 
(CENTRAL PROCESSING UNIT) 


MONITOR 
aa ELECTRIC CABLE 
Vf eg 
—=—_- & 

a 

SCANNER | 

KEYBOARD MOUSE PAD PRINTER 
MOUSE 


FIGURE 27.4 m Typical computer workstation. 


350 = Blueprint Reading for Welders 


HARDWARE COMPONENTS 
OF A CAD WORKSTATION 


There are several key pieces of hardware that make up a CAD workstation. The first is the Central Processing 
Unit (CPU). The CPU is the heart of the computer; it controls the operation of the computer by performing 
arithmetic and logical operations and decodes and executes instructions provided by either the operator or a 
program. It is often commercially referred to as a tower or mini-tower. 

Instructions from the user are entered into the computer using either a keyboard and/or a mouse. A key- 
board, similar to a typewriter, allows the user to enter data and commands into the computer by pressing keys. 
The mouse is also an input device that can be used to enter data and/or commands into a computer by allowing 
the user to select items on the screen. 

The monitor, resembling a television screen, provides visual graphic output to the operator. Monitors, like 
television, are also available in different sizes and configurations. A monitor can be either monochrome (dis- 
playing only two colors) or color. Information can also be entered into a computer using a scanner. A scanner 
is a device that reads text and/or illustrations that were printed on paper and translates it into a form that the 
computer can understand. A scanner works by placing an imaginary grid onto the image and then determin- 
ing if the different areas of the grid are filled in or empty. While the scanner translates paper documents into a 
form the computer can understand, the printer takes information from the computer (text, illustrations, etc.) 
and prints them on paper. Although this is the minimal equipment necessary to produce a CAD drawing, other 
apparatus (peripheral devices) may also be incorporated into the workstation such as a stylus and plotter to 
produce large drawings. 


CAD Software 


CAD software is the most important component of the CAD workstation. Software by definition is anything 
that can be stored electronically. Typically, software is considered to be a program that controls and tells the 
computer to perform a specific function or set of functions. The output of a CAD program can be working 
and design drawings, technical data, piping, architectural and mechanical designs, or electrical and electronic 
circuitry. A variety of software programs are available for various purposes including auxiliary software to 
increase the efficiency of primary software. Examples of specific kinds of software are “AutoCAD,” “CADkey,” 
and “Microsotation.” 

Typically, a CAD program will allow the user to enter information into the system either by selecting menu 
items or by typing commands. CAD menus are organized into categories such as geometric creations (lines, 
circles, arcs, etc.) and editing (erase, trim, extend, etc.). This enables the CAD operator to quickly select 
common and similar commands from a list, thus increasing the efficiency of creating a drawing. Examples of 
a CAD menu can be seen in Figure 27.5. 

The selection of software items shown on the monitor screen is accomplished by using the cursor. A cursor 
is an indicator found on the screen that may be in the form of a small triangle, arrow, or some other similar 
configuration. Its purpose is to act as a pointer for selecting items on the screen for processing to the CPU. 
The cursor is moved by the operator by moving the mouse on the pad to select appropriate items for input to 
the CPU. Items may include lines, shapes, dimensions, and notes, as well as welding symbols. 

To summarize, the computer operator uses a software program previously loaded onto the computer's 
hard disc to create a drawing. The operator communicates to the CPU by means of a keyboard and mouse, 
selecting items from the menu shown on the monitor's screen to formulate a drawing, notes, as well as weld- 
ing symbols. The completed drawing shown on the monitor's screen is sent to the printer for printing. The 
resulting output by the printer is a working or design drawing printed on paper which is referred to as hard 
copy. Typical CAD drawings are shown in Figure 27.1, Figure 27.2, and Figure 27.3. Note the regularity of 
the line weight, the precise intersections of lines, and the consistency of dimension lettering. Also note that 
in Figure 27.2 dimensions are shown in decimal fractions rather than common fractions. This has become 
the preferred practice for dimensioning a variety of drawings. 

In conclusion, CAD is an extremely useful tool in the design and manufacturing process. Its output 
increases production, standardizes drawings, and generates data and a variety of drawings that may be elec- 
tronically transferred to other computers. 


Note: A glossary of computer terminology is found in Appendix 8. 
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FIGURE 27.5 m Example of a CAD menu. 
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UNIT 27: REVIEW A 


il 


Describe the difference between CAD and 
CADD. 


. List three different CAD packages that are 


currently available on the market today. 


. What are two advantages of using CAD over 


conventional manual drafting practices? 


. What is the difference between hardware and 


software? 


5. List two output devices and input devices used 
at a computer workstation. 


a. Output device 
(1) 
(2) 

b. Input device 
(1) 
(2) 


6. How does a monitor differ from a printer? 


7. Information can generally be input into a CAD 
package using what two methods? 


8. Define the following terms: 
a. CIM 
b. CAM 
9. In the following illustration, (a) identify 


each component of the CAD workstation 
and (b) describe its function. 
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UNIT 27: REVIEW B 


The following problems refer to foldout drawing number 7, Die Stand Frame. 


Graph paper is provided at the end of this review for your use. 


This die stand frame print is one that is actually used 
in industry. Some of the practices in dimensioning 
the prints and drawings of the views do not necessar- 
ily comply with standard dimensioning practices. In 
such cases, the company’s standards were applied. 


NOTE #1: In many instances, extension lines 
touch object lines in the dimensioning parts of 
this drawing. This is not standard practice. As a 
result, it is difficult to differentiate where extension 
and dimension lines begin and end. Furthermore, 
since all line weights are the same weight on CAD 
drawings, it significantly increases the difficulty 
of reading the print. In addition, extension and 
dimension lines cross object lines without a break, 
which, again, is not consistent with standard 
drafting practices. 


NOTE #2: The drawing is zoned much like a travel 
map. Letters on the right edge of the drawing 

are for locating an approximate vertical location 

of a part. Numbers on the bottom edge are for 
locating the approximate horizontal location of a 
part. By crossing these locations (coordinates), an 
approximate location of a part can be found. The 
zoning process expedites the reading of a drawing 
print. 


NOTE #3: The section drawing does not include 
section lines to show where the cutout of the part 
was made. Although this is not standard practice, 
companies may apply their own standards in the 
preparation of drawings. Eliminating a section 
lining reduces time in preparing drawings. 
However, section lining is the preferred practice 
for clarification purposes. 


1. a. Sketch a welding symbol to illustrate the 
welds specified on the drawing including 
dimensions. 


b. List the applicable notes for the welds 
required including location of weld 
specified. 


2. What type of drawing is illustrated? 


3. Identify the views shown. 


4. a. What is the significance of the symbol VV 


shown on the drawing surfaces? 


b. What tolerance is to be applied? 


5. a. List the specifications for the .750-10 UNC 
tapped holes. 


b. Interpret .750-10 UNC. 


6. a. Describe part 2). 


b. In what zone is it located on the drawing? 


7. a. Prepare a two-view orthographic sketch of 
item Q). 
b. Place a note on the sketch specifying the 
kind of material that is to be used. 


8. What is the significance of dimensions 


enclosed in parentheses? 


9. The dimensions that follow, as found on the 


drawing, are incorrect in accordance with 
drafting standards. Sketch correct versions. 


Incorrect 
150 R 


2.0R 
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2.032 Drill 19. What is the purpose of the dimension shown 
on the left edge of the drawing as follows? 


10R 
10. a. What kind of material is specified for 
6 
item 3)? | 


b. List its size and quantity required. 


11. What type of material and its size is specified 20. What scale size is used for this drawing? 


for item (OE 


21. What is the overall size of the “Die Stand Frame”? 


12. What style of numerical dimensioning is used? 


22. List the dimensions for part (8). 


13. What is the purpose of identifying the zone 43 


, i : . What is the angular spacing of holes shown 
ocations tor each item: 


equally spaced ona 14.500 @ ? 


24. What is the ream size specified for the two 


14. Prepare an isometric sketch of part (1) and holes after completion of welding? 


dimension it. 


15. Prepare a two-view orthographic sketch of part 95 
@ and dimension it. 


. How many pieces are required for making the 
“Die Stand Frame”? 


16. a. In what zone is part 2) 
26. What is the center-to-center spacing between 


b. Prepare a two-view orthographic sketch and parts Q) 
dimension it. 


17. a. What quantity is required for part @) 27. a. What is the spacing size between the 
rectangular steel tubing? 


b. What material is to be used? 


b. What are the hole sizes for part OF} 


18. Identify the kind of drawing showing parts (1). a ee ne ry 
(2), @), 6), and 2). 28. a. How many flame-cut holes are to be made? 


b. Identify the item(s) to have a flame-cut hole. 


29. Where extension lines connect to object lines, 
make a red check to indicate where there 
should be a break. 


SOROS 
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30. Where dimension lines do not show a break 32. Which dimension(s) found on the drawing 
when crossing object lines, make a red check is/are shown as a common fraction? 
mark to indicate where breaks should be made. 


31. Add section lining to show where the 
rectangular tubing has been cut. Select the 
appropriate view to show this. Also, section 
lines should represent the kind of material for 
these parts. 


33. What is the significance of A/R? 
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UNIT 


Introduction 

to Geometric 
Dimensioning 
and Tolerancing 


This unit will focus on selected fundamental symbols and terms for reading geometric dimensioning and tol- 
erancing (GDT) drawings. The content is limited to the extent that is required for reading foldout drawing #8, 
Roller Stand Weldment. Additional study will be necessary for reading more complex drawings. 

Geometric dimensioning and tolerancing is the most current standard for dimensioning orthographic 
drawings. The majority of manufacturing companies, including the military, have adopted this standard. 

There are similarities between the coordinate and GDT standards; however, GDT incorporates the use of 
special geometric symbols, modifiers, and terms not found on coordinate dimensioned drawings. 

A listing of the most common symbols in GDT dimensioning is found in Figure 28.1. These are identified 
as Geometric Characteristic Symbols. 


In addition to geometric symbols, a set of symbols identified as 
Geometric Symbol Modifiers are used in conjunction with geometric 


CHARACTERISTIC SYMBOL characteristic symbols, Figure 28.2. 
FLATNESS 
TERM SYMBOL 


pam 
weawmurenaccono |G) 
ference | 


PROJECTED TOLERANCE ZONE 


STRAIGHTNESS 
CIRCULARITY 
CYLINDRICITY 
PERPENDICULARITY 
ANGULARITY 
PARALLELISM 


POSITION 
CONCENTRICITY 


CIRCULAR RUNOUT 


TOTAL RUNOUT Reet 


TANGENT PLANE 
PROFILE OF A LINE 


STATISTICAL TOLERANCE 
PROFILE OF A SURFACE 


REGARDLESS OF FEATURE 
SIZE 


FIGURE 28.1 m Geometric characteristic 
symbols. FIGURE 28.2 = Geometric modifier symbols. 
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Feature control frames are used to contain geometric characteristic symbols, geometric symbol modifiers, 
and other special symbols related to GDT dimensioning. Typical feature control frames with geometric char- 
acteristic symbols are illustrated in Figure 28.3 and Figure 28.4. 

The first item contained within a feature control frame is always a geometric characteristic symbol. Not 
more than one such symbol is shown within a frame, Figure 28.3. The number and size of compartments 
within a frame will vary depending upon the extent of data to be specified. Also, any additional data to be 
included in the compartments that follow are shown in accordance with a national standard that specifies the 
sequence to be followed. 


a] ee 


FIGURE 28.3 m Examples of feature control frames. 


When required, a geometric symbol modifier is the second item included in a feature control frame. It 
refers to the geometric characteristic symbol that precedes it. Note: Modifiers are not used for the following 
geometric characteristic symbols: 


Straightness 


Flatness | ae 


Circularity C) 


Cylindricity 


In such cases, the second item shown in the frame is a tolerance value. 


Geometric characteristic symbols requiring the use of a modifier are as follows: 


perpendicularity _|_ profile of a surface (> 
parallelism fi position 

circular runout / concentricity © 

total runout L/ symmetry — 


profile of a line “> 


Figure 28.4 illustrates examples of data contained within a feature control frame with the proper 
sequence of data. Note that all dimensions using Feature Control Frames are in decimal fractions. This also 
applies to all dimensions shown in a GDT drawing, with some exceptions. For example, size dimensions 
for welding symbols are shown as common fractions as well as dimensions for stock items such as steel 
angle: 2% X 2% X “Av. 


FIGURE 28 A = Feature control frames. 
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The basic sequence of items in a feature control frame is also illustrated in Figure 28.5. Other items may be 
added to the frame for special purposes; however, they are not included in this abbreviated study. 

At this point, it is important to understand the concept of a feature. There are several applications of the 
word “feature.” Refer to Figure 28.6. 


™ Feature: a term applied to a part such as a surface, slot, or hole. 
™ Feature of size: a size dimension applied to a part that may be a circle, sphere, angle, or distance between 
two or more parallel surfaces. 


™ Feature of location: a size dimension that locates the centerlines of a circle or a centerline of a part in re- 
lation to another part. Refer to Figure 28.6 for an example of each kind of feature. 


™ Datum feature: any feature of a part such as a surface, plane, or hole. 


Feature control frames are applied to drawing parts and dimensions in a number of ways. Figure 28.7 
illustrates several examples of how frames are applied Their purpose is to refine the dimensioning of parts on 
a drawing in order to produce a more acceptable and economical product. 

A datum feature symbol is another special symbol used in GDT drawings. This symbol is illustrated in 
Figure 28.8. 

Note that the original symbol identified as obsolete has been replaced by a preferred (current) symbol; 
however, many drawings will have the obsolete symbol as shown in Figure 28.8. 


GEOMETRIC CHARACTERISTIC 
DIAMETER SYMBOL 
\ MODIFIER 


FEATURE TOLERANCE We 


FIGURE 28.5 m Standard sequence of items in a feature control frame. 


SECONDARY DATUM 
PRIMARY DATUM 


10.4 FEATURE 
10.0 OF SIZE 


FEATURES 


+ 


20.5 FEATURE 
OF SIZE 


DATUM 
FEATURE 


FEATURE OF 4995 


LOCATION 
— | 10.20 Z =a) 00 FEATURE 


OF SIZE 
FEATURE OF 
LOCATION 


FIGURE 28.6 wm Identification of kinds of features. 
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12.020 
12.010 


FIGURE 28.7 @ Application of feature control frames to a part. 


PREFERRED OBSOLETE 


FIGURE 28.8 @ Examples of datum feature symbol locations. 


The letter contained within a datum feature on a drawing may have reference to a surface dimension or any 
other feature that makes up the drawing. The datum feature symbol may be attached to an extension line or 
attached to a feature control frame Figure 28.9. 

Another important concept to be understood for interpreting a GDT drawing is the reference to the size of 
an item on the drawing shown within a feature control frame—least material condition shown by the symbol 

, and maximum material condition shown by the symbol (WV). Figure 28.10(a) illustrates the significance 
of each of these symbols. Note that least material condition (LMC) refers to a part when its material content 
is produced at its lower size limit, and maximum material condition (MMC) refers to the condition of a part 
when its material content is produced at its upper size limit. 

Figure 28.10(b) is another example that illustrates the concept of maximum and least material conditions 
of a part. Note that when there is a hole in the part, the part is at MMC when the dimension is at its lowest 
limit, and at LMC when the hole is at its upper limit. 


FIGURE 28.9 @ Examples of locations of a datum feature symbol. 


(m) UPPER SIZE_5, 1 41 _waTeRIAL 
LIMIT 8 °3 


IS AT MAXIMUM 
MATERIAL CONDITION (MMC) 


LOWER SIZE_5_ 1 _ 47 _MaTeERIAL 
LIMIT 8 8 


IS AT LEAST MATERIAL 
CONDITION (LMC) 


rm] 


—_—#§f >-__ 


FIGURE 28.10(a) = Maximum and least material conditions of a part. 


MMC 
4.050 
4.040 
LMC 


LMC 
1.000 
0950 2.010 MMC 
MMC 2.005 LMC 


FIGURE 28.10(b) m Additional examples of maximum and least material conditions of a part. 


Other items found on GDT drawings that are also common to coordinate drawings are as follows: 


M™ A dimension enclosed in a square is identified as a basic dimension. It is considered to be an exact 
dimension to which tolerance values are applied. 


®™ A dimension enclosed in parenthesis (3.02) is identified as a reference dimension. It is not a required 
dimension. However, it may be included to expedite reading a drawing without the need for addition or 
subtraction of dimensions to obtain a size. 


@ An all-around 


is used to indicate the dimension that applies to all around the feature, just as a simi- 


lar symbol in welding indicates to weld-all-around. 


symbol for indicating a square. 
symbol for indicating a counterbore or spotface. 
symbol for indicating a countersink. 


symbol for indicating depth. 


symbol for number of places; for example, 6X. 


The illustration that follows (Figure 28.11) is an example of GDT dimensioning and the interpretation of 
the feature control frames used. 


SCALE: 
.500" = 1.000" 


NOTE: ALL BASIC 
DIMENSIONS HAVE 
A TOLERANCE OF +.010" 


teat 
1x1 Xe x 15 L ANGLE W.I. 


ol 
fe) ] 
i) 
re 
ad 
¢c 
® 
TG 
= 
5 
esi 
a 
o 
ref 
2. 
5 
@ 
o 
= 
5 
Qa. 
S 
wA 


6.500 


FIGURE 28.11 m Application of feature control frames. 
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Note that in the significance column, reference is made to the term tolerance zone. The standard definition 
for this term is: “It is a boundary established by a size or geometric tolerance in which the actual feature must 
stay within.” A further study of the interpretation of this term as well as an extended study of GDT elements 
can be found in Cengage Learning’s publication entitled, Fundamentals of Geometric Dimensioning and Toler- 
ancing by Alex Krulikowski. Foldout drawing #10, Strongback Stand, is provided at the back of this book for 
continued study of GDT. 


Feature Control Frames Significance 


QO L 


Datum | | ] to be parallel 
to Datum within a tolerance 
zone of .010 inch. 


2) 30° angle to be within a 
/_ | .010 . 
tolerance zone of .010 inch. 


Upper frame: Datum [D] 
to be perpendicular to 
Datum | B | within tolerance 
zone of .010 inch. 


Lower frame: Datum [D] 
to have a flat surface within 
a tolerance zone of .010 inch. 


Datum |G | to be parallel 


to Datum within a 
tolerance zone of .030 inch. 


Datum |H | to be straight 
within a tolerance zone 
of .005 inch. 


© Upper frame: Datum 


surface to be flat within 
a tolerance zone of .010 inch. 


Lower frame: Datum 
to be parallel to Datum [D] 
within a tolerance zone 

of .010 inch. 
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UNIT 28: REVIEW A 


Graph paper is provided at the end of this review for your use. 


1. Sketch the geometric characteristic symbols for 8. a. In the sketch that follows, identify a feature, 
the following: a feature of size, a feature of location, and a 
datum feature. 


a. Parallelism 
b. Circularity 

c. Straightness 

d. Profile of a line 
e. Perpendicularity 
f. Angularity 

g. Flatness 


2. Interpret the following symbols. 


3. Identify the geometric characteristic symbols b. Add a feature control frame to the surface 
that do not require a modifier. indicated by an X that will indicate the 
flatness of a feature with a .005 tolerance 
value. 


9. a. Complete what is missing in the following 


4. Sketch three geometric characteristic symbols datum feature symbol. 


requiring a geometric symbol modifier. 


5. Sketch a feature control frame symbol showing | | 020 
a geometric characteristic symbol with a flatness 
tolerance value of .020. b. Sketch the obsolete symbol for a datum 


feature symbol. 


10. What is the significance of the following 
symbols with reference to GDT drawings? 


6. What type of dimensioning must be used in a 
control frame? 


as P 


PLH0e§ 


. Sketch a feature control frame symbol that 
includes a geometric characteristic symbol for 
position, a diameter symbol with a tolerance 
value of .015, a maximum material condition 
symbol, and datum reference with the letter B. 8: 


© 
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UNIT 28: REVIEW B 


Note: The following questions refer to foldout drawing #8, Roller Stand Weldment. 


1. List the dimension tolerances for the stand. 7. What is the significance of each of the feature 
control frames that follow? 


a. [//|.010] A| 


a. Decimal 


b. Fractional 


b. [L}.010 | ¢ | 


c. Angular 


2. Give the revision record for the drawing. 
8. Interpret the tolerances specified in the title box: 


a. decimal +.xx 


b. decimal +xxx 


3. Sketch two reference dimensions found on 
the drawing that are outdated methods for 


bc ails c. angular +3 
indicating a reference. 8 


4. Sketch each of the welding symbols found on 
the drawing and interpret each. 9. a. What is the purpose of the breaklines shown 


on the print? 
5. What is the significance of the following dimen- 


sion as shown on the symbol that follows? 


2x b. On what number part(s) are they located? 
c. On which view(s) are they shown? 


10. List the material required to make the weldment 
stand, and the number required of each. 


6. List the various materials that are stock items 
for making the stand. Include the dimensions 


for each. 11. a. What is the overall size of the weldment 
stand? 


b. How many welds are required? 


c. List the kinds of welds required. 


12, 


Lo. 


oe 


15. 


16. 


17. 


18. 


19. 


20. 
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a. List the size of part including length. 


b. Which of these dimension(s) is approximate? 
a. Identify the part that revision “A” refers to. 
b. What was the original data specified? 


a. 63) size is specified for the steel angel part 
03) 


b. What is the overall length required? 


Interpret the significance of the following 
dimensions. 


a. 3.00 Ref. 


p, 10.53 
1647 


a. Sketch the welding symbols applicable to 
part @3). 


b. Interpret each element found on these symbols. 


What is the rectangle that encloses the GDT 
data referred to as? 


What is the purpose of the following GDT 
symbol? 


T 


What is the size of the rectangular steel tubing 
component? 


a. On what parts by number are chamfers 
specified? 


b. What angle(s) are specified for each? 


21. a. Identify the views shown on the drawing. 


b. Identify the locations of the broken-out 
enlarged detail views. 


c. What is the purpose of these views? 


22. What are the maximum and minimum dimen- 


sions for the following? 

a. R.750 max. 

b, 15.25. max, ee 
23. Interpret the following GDT symbols. 


a. | fe| 


a 


min. 


min. 


c. Which symbol has replaced the other as the 


most current symbol? 


24. Interpret the following GDT symbols. 


a. 
//).02] A] 


25. a. Sketch the welding symbol for joining the 


part to part 4) 


b. Interpret the symbol. 
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26. a. Sketch the welding symbol for joining part 


to part 4). 


b. Interpret the symbol. 


27. a. Sketch the welding symbols for joining part 


to part 4). 


b. Interpret each welding symbol. 


28. a. Sketch the symbol for joining part to 


part Qé). 


b. Interpret the symbol. 


29. Sketch the joint configuration for welding part 


to part 5). 


30. a. What tolerance(s) is applicable to the R.750 
dimension? 


b. In how many places? 


31. What is the purpose for using three arrow 
lines for the symbol shown on the print as 
follows: 


UNIT 28: REVIEW C 


32. Identify whether the print is first-angle or third- 
angle projection, a multiple or detail assembly 
print, or both a multiple detail and assembly print. 


33. Which part requires a surface finish? 


34. Sketch the welding symbol on the print that 
specifies a convex surface finish. 


35. a. 


30. ai 


What is the difference between a weld 
symbol and a welding symbol? 


. Sketch a welding symbol with multiple 


reference lines. 


. What is the purpose of the multiple reference 


lines? 


. Are multiple reference lines applicable to 


any of the symbols shown on the print? 


What is the total length of the fillet welds 
required to assemble all of the pieces? 


. What is the total length of the flare-bevel 


weld for assembling the pieces? 


Note: The following questions refer to foldout drawing #10, Strongback Stand. 


1. What is the significance of the following symbols? 


q | 2x 
5.00" 


6X 
Q 562” THRU 


|D |@.03 


Cc. 


d 


e. 


2h a: 


(10.12”) 


2X 
+ 
9.00” 


12 


(R1.015) 


List the kinds of welds shown on the print. 


10. 


11. 


LZ. 


13. 


14. 
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b. Which symbol indicates an other side weld? 


. What radius is specified for all edges of the 


tubing? 


. What angular tolerance is specified for all 


chamfers? 


. Identify the dimensions to which a .06 tolerance 


is applied. 


. What tolerance is applied to the six drilled holes 


on the steel angle pieces? 


. Prepare a sketch showing the location dimensions 


for the drilled holes on the steel angle pieces. 


. What is the significance of the following 


symbol? | q |.005] A| B| 


a. Are any revisions specified on the drawing? 


b. Is provision provided on the drawing to list 
revisions? 


What is the significance of the following dimen- 
sion? 24.00” (REF) 


What is the size indicate by the following weld- 


ing symbol? |(~ 


a. Interpret the following dimension(s). 
8X 
50” X 45° CHAMFER 


b. 2X ” 
@.781 THRU. 


a. Prepare a simple sketch to show the location 
dimensions for the drilled holes in the tubing. 


b. What tolerance size is applicable to the drilled 
holes? 


Prepare a sketch with dimensions to show the 
chamfers required on the steel angles. 


15 


LO; 


17. 


13, 


19. 


20. 


21; 


oi 


2d, 


25. 


25 
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. Prepare a sketch with dimensions to show the 
chamfers required at each end of the tubing 
including tolerances where applicable. 


a. What size of steel angle material is required? 
b. How many angle pieces? 
List the total length of the strongback stand. 


What is the inside size of the tubing? Add the 
symbol for indicating an approximate size. 


What is the spacing of the drilled holes between 
each end of the tubing? 


How many inches of weld is required for each 
steel angle? 


Sketch the shape of the joints of the steel angle 
to be welded. 


a. Identify the location of the surface(s) requir- 
ing a finish. 


b. List the dimension(s) applicable to the finish. 


Identify the dimension(s) which has a + tolerance 
to three decimal places. 


List the common fraction dimensions shown 
on the print and the items to which these toler- 
ances apply. 


. a. With reference to the line weight(s) used 


on the drawing, identify the method for 
producing it. 


b. Give the reason for your answer. 


a 
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APPENDIX 1 
TABLES 


TABLE 1 INCHES TO MILLIMETERS 


in. 


— 
DOAN D VBWN 


el 
Oa BWN eR 


SS 
le Co Sl ©) 


N 
S 


YVNN WN WN 
GW BWN 


The above table is exact on the basis: 1 in. = 25.4 mm. 


o es 
_ 
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TABLE 2 CONVERSION OF INCHES TO MILLIMETERS 


mm 
m| oo |i | 2 |s [+ | 5s |o |r | s | 9 


0 2A 50.8 #0.2 101.6 127.0 1524 177.8 203.2 228.6 
10 2540 2194 304.8 330.2 355.6 381.0 406.4 431.8 451.2 482.6 
20 508.0 JI34 558.8 3984.2 609.6 635.0 660.4 685.8 711.2 736.6 


30 762.0 1814 812.8 838.2 863.6 889.0 0144 939.8 965.2 990.6 
40 1016.0 1041.4 1066.8 1092.2 1117.6 1143.0 1168.4 | 1193.8 1219.2 1244.6 
50 1270.0 1295.4 1320.8 1340.2 1371.6 1397.0 224 | 146.3 LA(33 1498.6 


60 1524.0 15494 1574.8 1600.2 1625.6 1651.0 1676.4 | 1701.8 Ti272 1752.6 
70 1778.0 1803.4 1828.8 1854.2 1879.6 1905.0 1930.4 | 1955.8 1981.2 | 2006.6 
80 2032.0 20514 2082.8 | 2108.2 2133.6 2159.0 2184.4 | 2209.8 2239.2 | 2260.6 


90 2286.0 23114 2336.8 | 2362.2 2387.6 2413.0 2430:F | 2403.6 2489.2. | 2514.6 
100 PO! || caer tet, I) race a, allt Beene ll aeons |, eee ll ope erect | Seetoiee I sheccens. |) opts eee 


All values in this table are exact, based on the relation 1 in. = 25.4 mm. By manipulation of the decimal point, any decimal value or multiple of an inch 
may be converted to its exact equivalent in millimeters. 


Example for using Table 2: 
To convert 36 inches to millimeters (mm) refer to in. column 
30 in. = 762 mm 
6 in. = +152.4mm 
Total: 914.4 mm 
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TABLE 3 INCH/METRIC EQUIVALENTS 


Decimal Equivalent Decimal Equivalent 


Fraction Fraction Metric (mm) 
1/64 015625 0.3969 33/64 .515625 13.0969 
1/32——————_ 03125 0.7938 17/32————__.53125 13.4938 
3/64 .046875 1.1906 35/64-— .546875 13.8906 
1/16 -—————————_ .0625 15875 5625 14.2875 
5/64 078125 1.9844 37/64—.578125 14.6844 
3/32—____——_ .09375 23315 19/32————_——_ .59375 15,0813 
7/64 .109375 Maiti! 39/64 — .609375 aya frerll 
1/8—________————..1250 S50 ——_____—___—_— .6250 33750 
9/64 140625 3.5719 41/64—.640625 16.2719 
5/32—————____.15625 3.9688 21/32—————_.65625 16.6688 
11/64 .171875 4.36056 43/64—.671875 17.0656 
3/16 -—______ .1875 4.7625 11/16 -—_____.6875 74625 
13/64——_..203125 5.1594 45/64——.703125 78994 
7/32———___—— .21875 53,5563 23/32————__..71875 2505 
15/64 234375 5.9531 47/64 ——.734375 e659 ll 
| fp 6.3500 750 19.0500 
17/64 265625 6.7469 49/64 ——..7605625 19.4469 
9/32——__.28125 7.1438 25/32———_—_——.78125 19.8438 
19/64 .296875 7.5406 51/64—.796875 20.2406 
5/16-— 3125 7.9375 13/16 -———____.8125 20.6375 
21/64 328125 8.3384 53/64——.828125 PAROS 44; 
11/32———__—_ 34375 8.7313 27/32———_——_ 84375 PN Ar LS: 
23/64 359375 9.1281 55/64— .859375 20-8281 
3/8 -——__——————————_..3750 O52 50 ——______!_—_!_—#_—_—..8750 DO I50 
25/64 390625 9.9219 57/64— .890625 22.6219 
13/32——_—____ .40625 10.3188 29/32———_———.90625 23.0188 
27/64 421875 10.7156 59/64— .921875 BB Bl oIo 
7/16—W——- 4375 Es 15/16 -——_____.9375 25,0125 
29/64 453125 11.5094 61/64-— .953125 24.2094 
15/32———————_ 46875 11.9063 31/32———_—__ 96875 24.6063 
31/64 484375 123031 63/64—— .984375 2o0031 


1/2 -—_—_———__——————— .500 12.7000 1.000 25.4000 
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APPENDIX 2 
STRUCTURAL METAL SHAPE DESIGNATIONS 


W SHAPES 
Dimensions 


Distance 


Designation Thickness thy Width Thickness 
t,, 2 by ty ue 


In fm | mm 


W 36X300 
X280 
<260 
A255 
X230 


W 36X210 
xX 194 
X182 
X170 
x 160 
150 
M190 


W 33% 241 
X221 
x201 


W 33152 
A141 
xX 130 
x118 


W 30X211 
xX191 
x173 


W 30132 
xX 124 
x<116 
xX 108 
xX 99 


American Institute of Steel Construction 
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W SHAPES 
T Dimensions 


H 


; ; Area Depth 
Designation A 


* SES el 
t i key 
pi? | om ee ee ee 


W 27X178 ; 24 
x161 24 
x 146 24 


W 27X114 
ALO2 
xX 94 
xX 84 


W 24162 
xX 146 
X131 
X117 
xX 104 


W 24 904 
xX 84 
xX 76 
xX 68 


W 24X 62 
x 55 


W 21X147 
A132 
x122 
X111 
X101 


W 21X 93 
xX 83 
5 oan 
X 68 
xX 62 


W 21X 57 
x 50 
x 44 


American Institute of Steel Construction 
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k, \k 
W SHAPES 
X |T Dimensions 
oii 


b, 


Distance 


; ; Area Depth ; ; ; 
ee ha ae ee 
if 
t,, b ty 
pm? | om | lm pin. | in 


bw 
pi 
pin] om | lm | sm | 


W 18X119 19 
x 106 18% 
xX 97 18% 
xX 86 18% 
xX 76 18% 


W 18x 71 18% 
xX 65 18% 
X 60 18/4 
x 55 18% 
Xx 50 18 


W 18x 46 18 
AAO 
X35 


W 16X100 
x 89 
mat 
xX 67 


W 16X 57 
xX 50 
xX 45 
x 40 
X 36 


W 16x 31 
X 26 
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W SHAPES 
Dimensions 


ts a 
+» 1 


W 114X730 
X665 
X605 
X550 
X 500 
KASD 


W 114X426 
X398 
x3/0 
KX 342 
oul 
X283 
A201 
X233 
*211 
x193 
xX176 
x 159 
x145 
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W SHAPES 
Dimensions 


W 14X132 


xX120 
xX 109 
xX 99 
xX 90 


W 14X 82 
ae: 
xX 68 
x 61 


W 14x 53 
xX 48 
x43 


W 14x 38 
X 34 
X 30 


W 14X 26 
x22 
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W SHAPES 
Dimensions 


Area sa 
2 1 


A 
a it In. 


W 12336 9% 1% 
X305 0% lhe 
X279 ; 2 0% 1% 
%292 1 2 O% 1% 
x 230 ; ; 2 9% 1% 
210 ; : I 0% 
x 190 1 0% 
ALLO i 9% 
152 1 O% 
x 136 1 O% 
120 1 O% 
x 106 9% 
x 96 0% 
Xx 87 0% 
x 79 ; 9% 
ae ; 9% 
Xx 65 ; 9% 


W 12X 58 ; 9% 
X 53 9% 


W 12x 50 8 0% 
xX 45 O% 
x AO ; O% 


W 12x 35 6 10% 
X 30 ; 1 ; 6 ; 10% 
A 26 6 10% 


W 12x 22 10% 
x 19 10% 
AG 10% 
x 14 10% 
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W SHAPES 
Dimensions 


: ; Area Depth ; ; ; 
Designatio A d Thickness ty Width Thickness 
=a if 
t,, 2 b ty 
pin? | om | lm in 


W 10112 & 
x 100 
xX 88 
x 77 
xX 68 
x 60 
x 54 
x 49 


W 10x 45 
X 39 
X33 


W 10 30 
x 26 
x 22 


W 10x 19 
AT 
x 15 
x 12 


n 
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W SHAPES 
Dimensions 


ae sa 
+ 1 


oO” 
6 
6 
6 
6 
6 
6 
6 


& UO BRA AAD 
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M SHAPES 
Dimensions 


a PES sLEes 


Designation Poors ty iii Thickness Flge. 
2 t — Fastener 


M 14x18 14 ; & 
M 12X11.8 12 

M 10x9 10 

M 8xX6.5 

6X20 

Ox44 

5X18.9 

4X13 


M 
M 
M 
M 
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S SHAPES 
Dimensions 


| Web | Flange 7 
nie ; Area Depth fr dth ar 
esignation A d Thickness his t wins Grip Fige 
t. ~ Sata 
pint | om | in| 


§24X121 
xX 106 


§ 24% 100 
x90 
x80 


S 20X96 
x86 


S 20X75 
X66 


NN 
ome) 


S 18X70 
XDA 


= 
ee) 


= 
ee) 


S 15X50 
X42.9 


S 12X50 
X40.8 


Ss 12X33 
KO 


> 10%33 
X24 


S: 6X25 
X184 


7X20 
415.3 


OA 17.25 
*K125 


IAAT 
x10 


ee 
Gt 


ao 
NN 


ao 
NN 


iil oe 
Coo 


4X9.5 
Kid 


aA 
X5.7 


Ww BA UU DW NN WO 
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HP SHAPES 
Dimensions 


} ; Area Depth ; 
Designation A Thickness 
t,, 


i are 


t,, Width Thickness 
s) mm fe |e 
inf om | | | on | | 
HP 14X117 
x 102 


x 89 
x 13 


HP 13100 
xX 87 
xX 73 
X 60 


HP 12X 84 
x14 
X 63 
x33 


HP 10% 37 
2 


HP 8X 36 
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CHANNELS 
AMERICAN STANDARD 


Dimensions 


Max. 
a De == 
Designation 7 en sia shail Ss Grip Flige. 
Thickness T 
if Fastener 


C 15X50 
x40 
X33.9 


C 12X30 
x25 
X20.7 


C 10x30 
X25 
X20 
15.3 


9x20 
x15 
134A 


Sn 1615 
ae pe 
X11.5 


(X14.15 
AL229 
xX 9.8 


6x13 
X10.5 
xX 8.2 


5X 9 
x64 


4X a2) 
KDA 


IX 6 
x5 
x ALL 
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CHANNELS 
MISCELLANEOUS 


Dimensions 


Max. 
a De = 
Designation A cara sities pr eeaes Flge. 
Thickness 
if Fastener 


MC 18X58 
X51.9 
KAD 
KAD 


MC 13X50 
x40 


X35 
X31.8 


MC 12X50 
AD 
x40 
X35 


MC 12X37 
32,9 
X30.9 


MC 12X10.6 


MC 10X41.1 
KIS6 
X28.5 


MG 10% 28.3. 
A202 
ALA 
X21.9 


MC 10X 8.4 
MC 10X 6.5 


— —_ — Se ee 
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CHANNELS 
MISCELLANEOUS 


Dimensions 


Max. 
ae De a 
Designation kee sia shail Ss Flige. 
Thickness 
if Fastener 


MC 9X25.4 
X23.9 


MC 8X22.8 
K214 


MC 8X20 
X1S.f 


MC 8X 8.5 


MC TX 224¢ 
x19.1 


MC 7X17.6 


MC 6X18 
A153 


MC 6X16.3 
pA bs mall 


MC 6X12 
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(panuijuo)) 


Pipe 
Size 


O.D. in 
Inches 
405 


1383 


049 
2570 


049 
3276 


065 
Re 0 
.1860 


.065 
.6838 
.2370 


065 
.8678 
.3000 


.065 
1.107 
3830 


065 
Lars 
4410 


065 
1.604 
2290 


.083 
ZT D 
8560 


.083 
3.029 
1.048 


.1863 
.065 
3297 
.065 
232 
.083 
.6710 
1063 
8572 
.109 
1404 
.109 
1.806 
.109 
2.085 

. 109 
2.638 


i 
il 


0 
hee eo 


6 
2 
2 


120 
4352 


Pipe Schedules 


C) 80s & 100 120 140 160 | DBL 
E.H. E.H. 
095 .095 


40s&| 40 
STD 
.068 .068 


att 


Pe 9b 


119 
me fe | 


.126 


STAINLESS 
CARBON & ALLOY 
ALUMINUM 
NICKEL 


WALL THICKNESS 
IN INCHES 


STEEL WEIGHT PER 
FOOT IN POUNDS 


ALUMINUM WEIGHT 
PER FOOT IN POUNDS 


SLHDIAM GNY SNOISNAWNIG Adid 


= XIGNAddW 


> 
0 
v 
mm 
2 
Y 
< 
& 
| 
wi 
) 
VS 


(panui}uo) 


Pipe Schedules a. 
Pipe |O.D.in} 5s 5 10s 10 20 + 30 |40s&} 40 80s & 100 140 160 | DBL 
Size | Inches STD E.H. E.H. 
3% | 4.000 083 .083 120 120 
3.472 | 3.472 4.937 | 4.937 9.109 9.109 12:51 12.51 22.6) 
1.201 1.720 3.151 4.326 
4 4.500 .083 .083 .120 120 , 237 . . . . F 
3.915 |} 3.915 5.613 | 5.613 10.79 10.79 14.98 14.98 ; 22.51 | 27.54 
1.354 1.942 3.133 5.183 7.786 
4% | 5.000 2.47 
12.54 17.61 
5.563 
6.349 | 6.349 7.770 | 7.770 14.62 14.62 20,73 20.78 27.04 32.96 
2.196 2.688 5.057 7.188 9.353 11.40 
6.625 ; . . 432 562 
7.585 | 7.585 9.290 | 9.289 18.97 28.57 28.57 36.39 43.35 
2.624 3.213 9.884 12.59 15.67 
7.625 
23.54 38.04 


s4opjam 40; Bulppay julsdanjg § OGE 


lice 625 


8.625 1.09 1.09 
9.914 | 9.914 | 13.40 | 13.40 | 22.36 29.70 | 23.02» | 26.29 39.0% | 43.39 43.39 | 50.95 60.71 67.76 Pd? | fi AZ 
_ 429 = 635 735 = 463 |] ae - 878 E2. -_ a Ol a 60 ~ 97 24 _ 84 


ae 91 | 73 
laa 75 1.000 L123.) 1,000 
15.19 | 15.19 | 18.65 | 18.70 | 28.04 24 | A048 | 4048 2. | S474 143 | 77.03 82.29 104.1 115.6 | 104.1 
_ 256 -_ 453 - 698 79 | 11. mE a 00 -_ 93 22,29 |. 26.61 
11.75 
| | 56 60.08 
12 Pe je sl6>* ; : : ; ; : : : : : : 1.000 |e Be Loi.) 1.000 
ZL | 22.18 | 24.16 |) 24.16 | 33.38 43.141 | 49.56 : fo1S | Ha42 : 107.3 1235 136.7 160.3 | -125:5 
8.399 | 1155 | Ie. | 15.14 22:03- || 25,31 ; 
14 14.00 2312 375) 375 438 294 300 of 20 .938 1.094 1.250 1.406 
23.07 20.73 | 3671 || 45.61 ato) | St.07 | | S544 85.05 | 72.09 106.1 | 130.9 150.8 170.2 189.1 
16 16.00 .165 old ats |) sat. 500 656 300 844 | 1.031 1.219 1,433 1,594 
27.90 SUF | 4209 | S227 62.58 | 62.58 | 82.77 107.5. | 62.77 136.6 | 164.8 192.4 | 223.6 Pee Oe 


Pipe Schedules (Concluded) 
10s 10 20 + 30 40 SD) 80s & 100 140 
E.H. 


46.05 | 52.73 Tae 
63.41} 63.41 maf ecal | 140.7| 94.62] 171.3 


1.156] 1.375] 1.562 | 1.781 
82.15] 70.59| 104.7 138.2] 93.45 | 170.9 | 208.0] 244.1 | 274.2 | 308.5 
1.031 | 1.281] 1.500] 1.750 | 1.969 
104.1] 78.60} 123.1 168.4] 104.1 | 208.9 | 256.1] 296.4 | 341.1 | 379.2 
1.219 | 1531] 1.812] 2.062 | 2.344 
238.4] 125.5 | 296.6 | 367.4] 429.4] 483.1 | 542.1 
85.60 | 136.17 
92.26 | 146.85 
112.25 | 178.89 mG 222.78 | 134.67 | 244.77 —— 


For aluminum TUBING produced to the listed pipe 


Factors applicable to other products. sizes—apply these factors for each grade. 
For nickel and alloy produced to these pipe sizes 1100 Wt. as shown 2024 Wt. times 1.02 
apply these factors to the blue numbers. 6061 Wt. as shown 3003 Wt. times 1.01 
Nickel 200 -1.1343.- Monel 400 _——i1.1272 6063 Wt. as shown 5086 Wt. times .98 
Nickel 201 11378 daconeleoo: 10740 2014 Wt. times 1.03 7075 Wt. times 1.03 
Registered Trademarh-of NCO Incoloy* 800 1.0247 Incoloy 825 ‘1.0389 COLUMNS + and ® ARE WALL THICKNESS 


PRODUCED TO PIPE TOLERANCES 


> 
Uv 
Uv 
m 
2 
= 
< 
bo 
ia 

wl 
0 
ra 
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APPENDIX 4 


TABLE CONVERSION OF 
PIPE SIZES TO METRIC 


U.S. Customary Units SI (Metric) Units 


Nominal Outside Diameter Outside 
Pipe Size Diameter Number Diameter 
(NPS) (in.) (DN) (mm) 


— 


pn 


2 
2 

3 
3 


re 
DnRNOAADUA S 


NN ee 
4 © © 


Courtesy: (ASME) American Society of Mechanical Engineers. 
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APPENDIX 5 
DRILL DIMENSION CHART 


The NC and NF tables recommend tap drills that result in 
approximately 75% thread height based upon drill diam- 
eter. In most materials, however, drills will produce a hole 


slightly larger than the drill diameter. Mu: ao 
The tables list actual thread height percentages resulting Dia. 
from the probable hole size each drill will cut. 
Thread heights over 60% of thread do not increase the | 
strength of a threaded joint. 


Machine Screw Sizes NC & NF Fractional Sizes NC & NF 
tae Probable Actual ; ee Probable Actual 
Tap Dri Hole % Tap Dri Hele % 


Size_| Thread Size _| Thread 


Taper Pipe Taps Straight Pipe Taps 
Tap Drill Tap Drill 
Nominal Size Nominal Size 
NPTF NPSF 


14-11% 14-11% 
14-11% 14-11% 
2-11% 2-11% 
2%-8 
3-8 (Reprinted with permission of Wholesale Tool.) 


394 =u Blueprint Reading for Welders | 


APPENDIX G 
STEEL RULE DIAGRAMS 


Note: Not to scale. 


1 


as al 3 0 a = (SS 

8 4 8 2 8 4 8 
Me — Sf 7 2 At 13 45 
16 16 16 16 16 16 16 16 


3 5 7 9 4 


64 64 64 64 64 64 


British Standard Ruler (common fractions) 


lcm 2cm 3cm 


1 2 3 4 J, 8 9 
CENTIMETERS—cm 1 DECIMETER—dm 
MILLIMETERS—mm 


110 2)0 3)0 410 5/0 6/0 7/0 38/0 9/0 


10mm 20mm 25mm 


Metric Ruler (millimeters) 
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APPENDIX 7 
METRIC THREADS—FINE AND COARSE 


Metric Thread 


Thread Tapping || Thread Tapping 
Nom. Dia. PL. Drill Nom. Dia RE Drill 
mm 


14 
14 xX 1.5 
14 X 1.25 


10 X 1.25 
10 x 1 
11 


12 x 1.5 
LZ LZ 


M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
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APPENDIX 3 


COMPUTER GLOSSARY 


Address window When connected to the Internet, 
this window, located at the top of the screen, tells 
you what site or address on the Internet you are 
visiting. 

Browser A program for navigating the World 
Wide Web. Two examples are Netscape Navigator 
and Microsoft Internet Explorer. 

Click To rapidly press and release the left mouse 
button one time. 

Cursor An onscreen marker that shows you where 
in the document your typing will appear. 
Database An organized, electronically-stored 
collection of related information. It can be 
searched and easily managed and updated. 
Desktop An online work area that displays icons. 
Double click To press the mouse button twice 

in rapid succession. Generally, double clicking is 
needed only when opening a computer program. 
Drop-down list An onscreen list of options from 
which you can select one command. 

E-mail Electronic mail; messages sent to people 
via computer. 

Hardware The physical parts of the personal 
computer, such as the keyboard and the screen. 
Hyperlink A small picture or icon, or highlighted 
text. Clicking on the hyperlink moves you to 
another document. 

Icon A picture that represents a file, drive, or 
command. 

Insertion point A vertical, blinking, onscreen 
marker that shows you where in the document 
your typing will appear. 

Internet A worldwide network of computers 
linked to share information. 

Keyboard A device used to communicate with 
computers. When a key is pressed, a signal or 
command is sent to the computer. 

Laptop A small computer that is light enough to 
carry. Notebook computers and subnotebooks are 
even lighter. 

Link See Hyperlink. 

Location window See Address window. 

Menu A list of commands or instructions 
displayed onscreen. Menus organize commands 
and make a program easier to use. 

Menu bar An area, usually at the top of the 
screen, that contains several menus. 

Monitor A television-like screen on which the 
computer displays information. 


Mouse A handheld device with buttons on its 
upper surface. When rolled across a hard surface, 
it moves the pointer across the screen. When the 
buttons are clicked, signals and commands are 
sent to the computer. 

Online Your computer is connected, turned on, 
and ready to use, accept, and/or send information. 
Personal computer (PC) A small computer 
system equipped with the software and devices 
needed to perform computer operations. 

Screen See Monitor. 

Screen saver A program that replaces the screen 
display with a preselected image or picture if you 
haven't used your keyboard or mouse for a set 
period of time. 

Scroll To move text or images vertically or 
horizontally onscreen by manipulating the scroll 
bars with a mouse. 

Scroll bar A vertical or horizontal strip that 
appears at the right and/or bottom sides of a 
window and when manipulated with a mouse 
moves or scrolls the image up and down or left 
and right. 

Search engine Programs that help you find and 
retrieve information on the Internet. Examples 
are www.google.com and www lii.org (librarians’ 
guide to the Internet). 

Software Computer programs that either help 
operate the computer or perform tasks. 

Taskbar The bar, usually at the bottom ofa 
window, that includes the Start button and buttons 
for the windows you currently have open. 

Title bar A bar at the very top of a window that 
contains the title of the program or document you 
are using. 

Toolbar A row of command buttons near the top 
of a window. 

URL (Uniform Resource Locator) The address 
for an Internet site. 

Web address See URL. 

Window A rectangular area of the screen that a 
program uses to display information. 

Windows A popular line of operating system 
software. 

World Wide Web (a.k.a. WWW or Web) A 

part of the Internet that consists of documents 
interconnected by links. To move from one 
document to another, you click a link. 
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APPENDIX 9 


GLOSSARY—ENGLISH-SPANISH 


Area of revolution As applied to the testing of 
welded objects, an area of revolution specifies 

a multi-sided portion of a part or object to be 
tested. The area to be tested is indicated by the 
examine-all-around symbol, with or without a 
length dimension, depending upon the extent 

of the area to be examined. When a length 
dimension is applied to a testing symbol with an 
examine-all-around symbol, it signifies that only 
a particular length of the area of revolution is to 
be examined. 

Area de revolucion Un area de revolucion, en 

el contexto de su aplicacion a probar objetos 
soldados, identifica una porcion de multiples lados 
de una parte u objeto que debe ser probado. El 
area que debe ser probado se indica por medio del 
simbolo de “probar todo alrededor,” que tenga o 
no una dimension de longitud, dependiendo de 

lo extendido de la parte que debe ser probada. 
Cuando un simbolo de probar, que contiene un 
simbolo de probar todo alrededor, incluye una 
dimension de longitud, esto significa que sdlo una 
longitud determinada del area de revolucion debe 
ser examinada. 

Arrow One component of a welding symbol on a 
plan or view. The arrow is always drawn at an angle 
to the reference line. Multiple arrows may be added 
to the reference line to show the same weld in several 
different locations (i.e., a group of spot or fillet 
welds). When the arrow is shown with a break, the 
break is made toward the member of the joint that is 
to be prepared or shaped. If there is no instruction as 
to which joint member is to be prepared, the arrow 
need not be shown with a break. 

Flecha Un componente de un simbolo de 
soldadura en un plano o una vista. La flecha siempre 
esta dibujado a un angulo a la linea de referencia. 
Multiples flechas pueden ser anadidas a la linea 

de referencia para indicar la misma soldadura en 
varias ubicaciones diferentes (es decir, un grupo de 
soldaduras de filete). Al mostrar la flecha con un 
brecha, la brecha se coloca hacia el miembro de la 
junta que debe ser preparado o formado. Si no se 
indica cual miembro de la junta ha de ser preparado, 
se puede mostrar la flecha sin brecha. 

Arrow side The lower side of a reference line ina 
welding symbol. Refers to the location of the weld 
with respect to the joint. When the weld symbol 
for plug or slot welds is located on the arrow side 


of the reference line, the hole is in the arrow side 
member of the joint. 

Lado de flecha El lado inferior de una linea de 
referencia en un simbolo de soldadura. Se refiere a 
la ubicacion de la soldadura con relacion a la junta. 
Cuando el simbolo de soldadura para soldaduras de 
tapon o ranura se encuentra en el lado de flecha 
de la linea de referencia, el agujero esta en el lado 
de flecha del miembro de la junta. 

Auxiliary view An optional view of a slanted 
(oblique) surface from a position at right angles 
(90° perpendicular) to it, allowing the surface to 

be shown in its true size and shape (in any other 
view, this surface is distorted or foreshortened). The 
development of the auxiliary view is sometimes 
shown by lines projected perpendicularly from the 
slanted surface. Usually, only that part of the view 
that represents the slanted surface is shown. 

Vista auxiliar Una vista opcional de una superficie 
inclinada (oblicua) desde una posicion de angulo 
recto (90° perpendicular) a ella, que permite 
mostrar la superficie en su verdadero tamano y 
forma (de cualquier otra vista, esta superficie 

se distorsiona o escorza). A veces, se muestra 

el desarrollo de la vista auxiliar por lineas que 

se proyectan de manera perpendicular desde la 
superficie inclinada. Por lo general, solo se muestra 
aquella parte de la vista que representa la superficie 
inclinada. 

Baseline Object line that usually represents a 
machined surface. Baselines may also originate 
from centerlines. 

Linea de base Linea de objeto que por lo general 
representa una superticie trabajada a maquina. 
También , las lineas de base pueden originar de 
lineas de centro. 

Baseline dimensioning A method of dimensioning 
in which all dimensions originate from baselines. In 
this method, dimensions are normally expressed as 
three-place decimals. Commonly used to dimension 
precision parts. Since, with baseline dimensioning, 
calculations are not required to find a dimension, 
cummulative errors do not occur. 
Dimensionamiento de linea de base Un método 
para dimensionar en el cual todas las dimensiones 
se originan de lineas de base. En este método, 

las dimensiones se expresan normalmente como 
decimales en milésimas. Por lo general se utilizan 
para dimensionar piezas de precision. Desde que 
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el usar dimensionamiento de linea de base no se 
requiere hacer un calculo para determinar una 
dimension, no se producen errores cumulativos. 
Basic dimension Found in both GDT and coor- 
dinate drawings, this dimension is enclosed in a 
square. It is considered to be an exact dimension to 
which tolerance values are applied. 

Dimension basica utilizada en dibujos tanto 

de GDT (dimensionamiento y tolerancia geomé- 
trica) como de coordenados, esta dimension se 
encierra en una casilla. Se considera una dimen- 
sion exacta a la cual se aplican los valores de 
tolerancia. 

Bevel Describes an edge preparation with a sharp 
or “feather” edge or with a root face or “land.” 
Machinists make a clear distinction between bevel 
and chamfer, but weld fabricators often simply 
apply the term “bevel” to both. When a bevel or 
J-groove weld symbol (either single or double) is 
used, the arrow will point with a definite break 
toward the member to be shaped. 

Bisel Describe la preparacion de un borde como 
liso o “difuminado” o con una cara de raiz o de 
“terreno.” Los maquinistas fijan una distincion 
clara entre el biselado y el achaflanado, pero 

con frecuencia los fabricantes de soldaduras 
simplemente aplican el término “bisel” a ambos. 
Cuando se utiliza un simbolo de bisel 0 de ranura 
de J (ya sea simple o doble), la flecha senala con 
una brecha definida al miembro que debe ser 
formado. 

Bracket One of two widely used methods to 
distinguish U.S. Customary (inch) units from 

the Systems Internationale (metric) units when 
dual dimensions are applied to a drawing. With 
the bracket method, either the inch or the metric 
dimension is enclosed in brackets. A notation on 
the drawing indicates which units are enclosed 

in brackets. Either the positioning method or the 
bracket method may be used in a drawing but not 
both. The method used is indicated by a note on 
the drawing. 

Corchete Uno de dos métodos comtinmente 
utilizados para distinguir las unidades del sistema 
de medidas de los Estados Unidos (pulgadas) de 
las unidades del Sistema Internacional (métrico) 
cuando se aplican dimensiones dobles en un 
dibujo. Con el método de los corchetes, o la 
dimension de las pulgadas o la métrica se encierra 
entre corchetes. Una notacion en el dibujo indica 
cual de las unidades se encierra en corchetes. Se 
puede utilizar o el método de posicionamiento o 
el de corchetes en un dibujo, pero no los dos. El 
método utilizado se indica por medio de una nota 
en el dibujo. 


Break symbol A symbol used to indicate that a 
section of metal has been removed from or not 
included in the view. There are several commonly 
used conventional break symbols. (These symbols 
are shown in Figure 7.1.) 

Simbolo de quebrado Un simbolo utilizado para 
indicar que una seccion de metal ha sido retirada 
de la vista o no incluida en la misma. Existen 
varios simbolos convencionales de quebrada que 

se utilizan comunmente. (Estos simbolos se ven en 
la Figura 7.1). 

Callout An identification, usually a number, 
applied to each of the parts on an assembly draw- 
ing. Each identification is referenced to a bill of 
materials that contains the information needed 

to produce each part. 

Subtitulo una identificacién, por lo general un 
numero, aplicada a cada una de las partes de un 
dibujo de montaje. Cada identificacion tiene una 
referencia a una lista de materiales que contiene los 
datos requeridos para producir cada parte. 

CJP (complete joint penetration) A notation 
found in the tail of the arrow of a welding symbol 
which indicates that, no matter what type of weld 
or joint preparation is used, a complete joint 
penetration weld is required. 

CJP (penetracioén completa de la junta) Una 
notacion encontrada en la punta final de una flecha 
de un simbolo de soldadura, la cual indica que, sin 
importar qué clase de preparacion de soldadura o 
de junta se utilice, se requiere una soldadura de 
penetracion completa de la junta. 

Cold-rolled The name of a process by which steel 
is formed during the final stages of manufacture. 
Cold-rolled steels have square corners and are more 
precisely sized than hot-rolled steels. 

Laminado en frio El nombre de un proceso por 

el cual se forma el acero durante las etapas finales 
de fabricacion. Los aceros laminados en frio tienen 
esquinas cuadradas y medidas mas precisas que los 
aceros laminados con calor. 

Contour The shape of the weld face. A supplemen- 
tary contour symbol is used with the weld symbol 
to specify the shape of the face of the weld. The 
symbol is placed on the same side of the reference 
line as the weld symbol. It is located directly above 
the weld symbol when the weld symbol is placed 
on the other side of the reference line, and directly 
below the weld symbol when the weld symbol is 
located on the arrow side of the reference line. May 
be supplemented by a finish symbol. 

Contorno La forma de la cara de la soldadura. Un 
simbolo complementario de contorno se utiliza con 
el simbolo de soldadura para identificar la forma de 
la cara de la soldadura. El simbolo se coloca en el 
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mismo lado de la linea de referencia que el simbolo 
de soldadura. Se ubica directamente encima del 
simbolo de soldadura cuando el mismo es colocado 
al otro lado de la linea de referencia, y directamente 
debajo del simbolo de soldadura cuando el mismo 
es colocado al lado de la flecha de la linea de 
referencia. Puede ser complementado con un 
simbolo de terminado. 

Conventional dimensioning A method of 
dimensioning in which the overall dimensions 

of length, width, and height are given. 
Dimensionamiento convencional Un método 
para dimensionar en el cual se dan las dimensiones 
globales de largo, ancho y alto. 

Coordinate A standard used for dimensioning 
orthographic drawings. The coordinate standard 
has been widely replaced by the GDT standard. 
Coordinada Un estandar utilizado para dimensionar 
los dibujos ortograficos. Por lo general, el estandar 
coordinado ha sido reemplazado por el estandar GDT 
(dimensionamiento y tolerancia geométrica). 
Cutting plane The extent of the cut surface of a 
full section or cross section view of an object. The 
position of the cutting plane is shown by a cutting 
plane line located on one of the principal views. 
This line indicates the direction from which the 
principal view is to be viewed to derive the section. 
In addition, the line indicates where the section 

is located with relation to the principal view. The 
cutting plane line is composed of long dashes 
alternating with a pair of short dashes. 

Plano de corte La parte de una superficie cortada 
de un objeto, sea de una secci6n completa o de una 
vista transversal. La posicion del plano de corte se 
muestra por una linea de plano de corte, ubicada 
en una de las vistas principales. Esta linea indica 

la linea de vista principal para derivar la seccion. 
Ademias, la linea indica la ubicacion de la seccion 
con relacion a la vista principal. La linea del plano 
de corte se compone de guiones largos que alternan 
con un par de guiones cortos. 

Datum feature Under GDT standards for 
dimensioning orthographic drawings, a datum 
feature is any feature of a part, such as a surface, 
plane, or hole. The datum feature symbol is a 
special symbol used in GDT drawings. 

Rasgo de dato Bajo el estandar GDT (dimension- 
amiento y tolerancia geométrica) para dimensionar 
dibujos ortograficos, un rasgo de dato es cualquier 
rasgo de una parte tal como una superticie, plano o 
agujero. El simbolo de rasgo de dato es un simbolo 
especial utilizado en los dibujos de GDT. 

Depth of filling Indicates the quantity of material 
required in the finished weld hole. When shown, 
the depth of filling will be provided within the 


symbol for both plug and slot welds. When depth 
of filling is not shown, complete filling is required. 
Profundidad de relleno Indica la cantidad de 
material requerido para llenar el agujero con 
soldadura. Cuando se indica, la profundidad de 
relleno se proporciona dentro del simbolo para la 
soldadura de tapon asi como la de ranura. Cuando 
no se indica la profundidad de relleno, quiere decir 
que se requiere un relleno completo. 

Developed view A view of a part as it appears 
when stretched or laid out on a flat surface. This 
view shows the part before it is shaped by bending, 
rolling, or other fabrication methods. It illustrates 
the part exactly as it must be prepared before any 
bending or rolling is performed. It is common 
practice to show the location of any bends on this 
view. The dimensions shown on the developed view 
include any allowances necessary for bending or 
rolling. Also called a development. 

Vista desarrollada La apariencia de una parte 
cuando esta tirada o colocada en una superficie 
plana. Muestra la parte antes que sea formada 
mediante ser doblada, roldeada u otro método de 
fabricacion. Muestra exactamente como la parte 
debe ser preparada antes que se haga cualquier 
doblaje o laminado. La practica convencional 

es mostrar la ubicacion de cualquier doblez en 

esta vista. Las dimensiones indicadas en la vista 
desarrollada incluyen cualquier tolerancia necesaria 
para el doblaje o laminado. También se conoce 
como un desarrollo. 

Dual dimensioning The application of both 

U.S. Customary and metric units (usually in 
millimeters) of measurement on a drawing. This 
method is used to permit the manufacture of parts 
in either unit of measurement, depending on their 
application and/or where they will be marketed. 
Dimensionamiento doble La aplicacion en un 
dibujo de la medida de unidades convencionales de 
los Estados Unidos asi como de unidades métricas 
(por lo general en milimetros). Este método se 
utiliza para fabricar partes en cualquiera de las dos 
unidades de medida, que depende de su aplicacion 
y/o en donde seran puestas a la venta. 

Enlarged detail A portion of a print, usually of a 
part or portion of a part, provided in enlarged scale 
to more clearly present details about dimensions 
and to make it easier to interpret the details of the 
area shown. Each enlarged detail is identified by a 
letter or number that corresponds to the letter or 
number used to identify the point on a principal 
view to which the detail refers. 

Detalle ampliado Una porcion de una impresion, 
por lo general una parte o una porcion de una 
parte, dada en escala ampliada para presentar mas 
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claramente los detalles de las dimensiones, y para 
facilitar interpretar los detalles del area mostrado. 
Cada detalle ampliado se identifica por una letra 0 
numero que corresponde a una letra o numero que 
identifica ese punto en una vista principal. 
Faying A word designating the joining surfaces 
for a weld. Usually used in the phrase “faying 
surfaces.” The term comes from the root word “fay,” 
a verb that means to closely or precisely join or fit 
two things together. 

Acoplamiento Una palabra que designa las 
superticies que deben unirse con una soldadura. 
Por lo general se utiliza en la frase “superficies de 
acoplamiento.” El término se deriva de la palabra 
raiz “fay,” un verbo que significa unir dos partes 
estrecha y precisamente. 

Feather edge The full- or partial-length sharp edge 
of a slope or bevel imposed on a piece of metal to 
prepare it for welding to another piece of metal. 
Borde difuminado E| largo total o parcial de un 
borde afilado de una pendiente o bisel impuesto 
en un pedazo de metal para prepararlo para ser 
soldado a otro pedazo de metal. 

Feature Under GDT standards for dimensioning 
orthographic drawings, a term applied to a part 
such as a surface, slot, or hole. 

Caracteristica Bajo los estandares GDT 
(dimensionamiento y tolerancia geométrica) para 
dimensionar dibujos ortograficos, un término 

que se aplica a una parte, tal como una superficie, 
ranura 0 agujero. 

Feature of location Under GDT standards for 
dimensioning orthographic drawings, a feature 

of location is a size dimension that locates the 
centerlines of a circle or a centerline of a part in 
relation to another part. 

Caracteristica de ubicacién Bajo los estandares 
GDT (dimensionamiento y tolerancia geométrica) 
para dimensionar dibujos ortograficos, una 
caracteristica de ubicacion es una dimension de 
tamanio que ubica las lineas de centro de un circulo 
o una linea de centro de una parte con relacion a 
otra parte. 

Feature of size Under GDT standards for dimen- 
sioning orthographic drawings, a feature of size is 
a size dimension applied to a part that may be a 
circle, sphere, angle, or distance between two or 
more parallel surfaces. 

Caracteristica de tamano Bajo los estandares 
GDT (dimensionamiento y tolerancia geométrica) 
para dimensionar dibujos ortograficos, una 
caracteristica de tamano es una dimension de 
tamano que se aplica a una parte que puede ser 
un circulo, una esfera, un angulo, o una distancia 
entre dos o mas superficies paralelas. 


Filling, depth of, See Depth of filling. 

Relleno, profundidad de Véase Profundidad de 
relleno. 

Finish The final surface of a weld. The standard 
finish symbols are letter designations. They are 
used with contour symbols to specify the method 
used for forming the contour of a weld. The letter 
“C” is used for chipping, “G” for grinding, “M” for 
machining, “R” for rolling, “H” for hammering, and 
“U” for unspecified. Applying the letter “U” to a 
contour symbol signifies any method of finish may 
be used. In addition, a numerical degree of finish 
may be shown above the finish mark. 

Terninado La superficie final de una soldadura. 
Los simbolos estandar de terminado son letras. Se 
utilizan con simbolos de contorno para identificar 
el método utilizado para formar el contorno de 

una soldadura. Se usa la letra “C” para astillar, 

“G” para triturar, “M” para trabajar a maquina, 

“R” para laminar, “H” para martillar, y “U” para 
especificaciones desconocidas. Aplicar la letra “U” 
aun simbolo de contorno significa que se puede 
utilizar cualquier método de terminado. Ademas, 
un grado numérico de terminado puede ser 
indicado encima del simbolo de terminado. 

Flat bar Stock that does not exceed 63” in width. 
Flat bar stock comes in many thicknesses; the 
length may vary from 18 to 22 feet. 

Barra plana Cabezal que no excede las 63 
pulgadas de ancho. El cabezal de barra plana viene 
en varios grosores; la longitud varia de 18 a 22 pies. 
GDT (geometric dimensioning and tolerancing) 
standards The most current standard for dimen- 
sioning orthographic drawings. The majority of man- 
ufacturing companies and the military have adopted 
this standard. This standard incorporates the use of 
special geometric symbols, modifiers, and terms not 
found on coordinate dimensioned drawings. 
Estandares GDT (dimensionamiento y tolerancia 
geométrica) El estandar mas actualizado para 
dimensionar dibujos ortograficos. La mayoria de 
las companias de fabricacion y los militares han 
adoptado este estandar. Este estandar incorpora 

el uso de simbolos especiales geométricos, 
modificadores y términos que no se encuentran 

en dibujos de coordenadas dimensionadas. 
Geometric characteristic symbols Symbols used 
in the GDT standard for dimensioning orthographic 
drawings. These symbols may be modified by 
geometric symbol modifiers. 

Simbolos caracteristicos geométricos Los simbo- 
los utilizados en el estandar GDT (dimensionamiento 
y tolerancia geométrica) para dimensionar dibujos 
ortograficos. Estos simbolos pueden ser modificados 
por modificadores de simbolos geométricos. 
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Geometric symbol modifiers Marks used to 
modify geometric characteristic symbols in the 
GDT standard for dimensioning orthographic 
drawings. 

Modificadores de simbolos geométricos Marcas 
utilizadas para modificar simbolos geométricos 
caracteristicos en el estandar GDT (dimension- 
amiento y tolerancia geométrica) para dimensionar 
dibujos ortograficos. 

Half section A view of an object which is imagined 
to be cut only halfway through (a one quarter 
section of the part). The cut portion is removed in 
this view so that the details of the cut surface can 
be viewed. The other half of the object is shown 

as it normally appears in the associated principal 
view. Half sections are used primarily to show the 
interior construction details of symmetrical parts. 
Section lines are used to indicate the imaginary cut 
surface of a half section in the same manner as for 
full sections. 

Media secci6n Una vista de un objeto con cortes 
imaginarias que llegan Unicamente a la mitad (una 
seccion de un cuarto de la parte). En esta vista, 

se retira la porcidn cortada para poder estudiar 
los detalles de la superficie cortada. La otra parte 
del objeto muestra como se parece normalmente. 
Principalmente, se utilizan secciones medias para 
mostrar la construccion interior detallada de partes 
simétricas. Se ponen lineas en la superficie para 
indicar las cortes imaginarias de una media 
seccion, en la misma manera que para secciones 
completas. 

Hot-rolled The name of a process by which steel is 
formed during the final stages of manufacture. Steel 
that has been hot-rolled is slightly oversized and 
has slightly rounded corners. 

Laminado con calor El nombre de un proceso por 
el cual se forma el acero durante las ultimas etapas 
de fabricacion. El acero que ha sido laminado con 
calor sobrepasa un poco el tamano normal y tiene 
esquinas levemente redondeadas. 

Imagined A mental or visual image. Usually 
associated with views (such as sections or cross 
sections) that show details of objects that cannot 
be seen in normal views. Imagined views do not 
reflect the depicted objects as the objects will be 
built. Rather, imagined views provide details that 
are needed or helpful during construction of the 
objects. 

Imaginado/a Una vision mental o visual. Por 

lo general asociada con vistas (tales como de 
secciones 0 cortes transversales) que demuestran 
detalles de objetos que no se pueden ver en vistas 
normales. Las vistas imaginarias no muestran los 
objetos tal como seran construidos. Mas bien, las 


vistas imaginarias proporcionan detalles que sean 
necesarios 0 provechosos durante la construcci6n 
del objeto. 

Included angle The angle, shown in degrees and 
fractions of a degree, that describes the meeting 

of two lines when one line is at an angle toa 
horizontal, vertical, or another angular line. While 
the included angle is sometimes expressed in 
degrees and minutes (60° 30”), the decimal fraction 
for minutes is preferred. 

Angulo incluido El angulo, mostrado en grados y 
fracciones de un grado, que describe la junta de dos 
lineas cuando una linea se encuentra a un Angulo 
de una linea horizontal, vertical o angular. Mientras 
que el angulo incluido es a veces esta expresado en 
términos de grados y minutos (60° 30” ), se prefiere 
la fracci6n decimal por minutos. 

Kilogram A measurement unit for weight used in 
the metric system. The metric system is the most 
widely used system of measurement in the world. 
A kilogram (kg) is 1000 grams or approximately 
2.2046 pounds. It is widely known as a “kilo.” A 
gram (g) is the basic unit of weight in the metric 
system and equals approximately 0.035 ounce 
Kilogramo Una medida unitaria de peso, utilizada 
en el sistema métrico. El sistema métrico es el 
sistema de medidas de mayor uso en el mundo. 

Un kilogramo (kg) se compone de 1,000 gramos 

o aproximadamente 2.2046 libras. Esta medida es 
mas conocida como un “kilo.” Un gramo (g) es 

la unidad basica de peso en el sistema métrico y 
equivale a aproximadamente 0.035 onzas. 

Land The root face area along the beveled edge of 
a piece of metal that has been prepared for welding. 
Terreno La area de la cara de raiz a lo largo del 
borde biselado de un pedazo de metal que ha sido 
preparado para ser soldado. 

Location The point on a print where metal has 
been removed or omitted from that view. Each 
location is indicated by break lines. 

Ubicacién El punto en un impresion donde el 
metal ha sido retirado u omitido de esa vista. Se 
indica cada ubicacion por lineas con brechas. 
Metal plate A piece of metal greater than 3/16” 

in thickness and more than 6” in width. Available 
in widths of up to 200 inches and lengths of up to 
100 feet. 

Placa metalica Un pedazo de metal mayor de 3/16 
pulgadas de grosor y mas de 6 pulgadas de ancho. 
Disponible en anchuras de 200 pulgadas o menos y 
en longitudes de 100 pies o menos. 

Meter The basic measurement unit for length used 
in the metric system of measurement. Occasionally 
spelled “metre.” The metric system is the most 
widely used system of measurement in the world. 
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A meter is based on the speed of light in a vacuum. 
It equals approximately 39.37 inches. Longer or 
shorter distances are indicated by a prefix added to 
the term. For example, a kilometer (km) is equal 
to 1000 meters (0.62 mile). A centimeter (cm) is 
0.01 meter and equal to approximately 0.39 inch. 
A millimeter (mm) is 0.001 meter and equal to 
approximately 0.039 inch. 

Metro La unidad basica de medida para longitud, 
utilizada en el sistema métrico de medidas. 
Ocasionalmente se escribe como “metre” en el 
idioma inglés. El sistema métrico es el sistema de 
medidas de mayor popularidad en el mundo. Un 
metro se basa en la velocidad de luz en un vacio. 
Aproximadamente equivale a 39.37 pulgadas. 
Distancias mas largas 0 mas cortas son indicadas 
por un prefijo anadido al término. Por ejemplo, 

un kilometro (km) se equivale a 1,000 metros y es 
aproximadamente 0.62 millas. Un centimetro (cm) 
se equivale a 0.01 metros y es aproximadamente 
0.39 pulgadas. Un milimetro (mm) se equivale 0.001 
metros y es aproximadamente a 0.039 pulgadas. 
Number The quantity of welds specified. 

The number of welds to be made is shown in 
parentheses below an arrow side of the plug and 
slot weld symbol or may be specified in the tail of 
the welding symbol. 

Numero La cantidad de soldaduras requeridas. 

El numero de soldaduras hechas se indica entre 
paréntesis debajo del lado de la flecha del simbolo 
de soldadura de tapon o ranura, o se puede 
imprimir al final del simbolo de soldadura. 

Other side The upper side of the reference line in 
a welding symbol. The term applies to the location 
of the weld with respect to the joint. When the 
weld symbol for plug or slot welds is located on the 
other side of the reference line, the hole is in the 
other side member of the joint. 

Otro lado La parte superior de la linea de refer- 
encia en un simbolo de soldadura. El término se 
aplica a la ubicacion de la soldadura con relacion a 
la junta. Cuando el simbolo de soldadura para sol- 
daduras de tapon o ranura se encuentra al otro lado 
de la linea de referencia, el agujero se encuentra en 
el otro miembro lateral de la junta. 

Phantom section A view primarily used to show 
a mating part. The phantom section may or may 
not be shown in detail on the drawing. Its primary 
purpose is to show how the parts fit or operate 
together. A phantom section may also be used to 
illustrate the function of the object. This type of 
section is not dimensioned or shown in great detail. 
The shape (perimeter) of the phantom object and 
its alternate positions are shown through the use of 
short, thin dash lines. 


Seccion fantasma Una vista utilizada por lo 
general para ilustrar una pieza que cuadra. Puede 
que la seccidn fantasma se muestra de manera 
detallada en el dibujo o no. Su objetivo principal es 
el demostrar como las partes se encajan o funcionan 
juntas. También, puede que se utilice una seccion 
fantasma para describir la funcion del objeto. Esta 
clase de seccion no se muestra con las dimensionas 
ni con muchos detalles. La forma (perimetro) del 
objeto fantasma y sus posiciones alternativas se 
definen por lineas quebradas cortas y delgadas. 
Plane area As applied to the testing of welded 
objects, the plane area specifies the portion 

of the part or object to be tested. It is shown 
circumscribed by a nondestructive examination 
symbol. Specific locations to be tested may 

be indicated by the locations of test symbols. 
Testing procedures to be used are indicated by 

the combining of examination symbols. 

Area de plano Como se aplica a la prueba de 
objetos soldados, la area de plano identifica 

la porcion de la pieza u objeto que debe ser 
probada. Se muestra circunscrita por un simbolo 
de evaluacion no destructiva. Se pueden indicar 
ubicaciones especificas que deben ser probadas por 
simbolos de prueba. Se indican los procedimientos 
de prueba que se utilizaran con una combinacion 
de simbolos de evaluacion. 

Plug weld A weld made through a round hole. 
Plug welds and slot welds are identified by the same 
symbol in the welding symbol, except that plug 
welds are not identified by a detail drawing in the 
tail of the welding symbol. When the weld symbol 
for a plug weld is located below the reference line, 
the hole is in the arrow side of the member joint. 
When the symbol is located above the reference 
line, the hole is in the other side member. The 
spacing (pitch) and depth of filling may also be 
specified in the welding symbol. When the sides of 
the plug weld hole are to be tapered, the included 
angle with a degree sign is applied to the symbol. 
Soldadura de tapon Una soldadura ejecutada a 
través de una agujero redondo. Las soldaduras de 
tapon y las de ranura se identifican por el mismo 
simbolo en el simbolo de soldadura, salvo que las 
soldaduras de tapon no son identificadas por un 
dibujo detallado en la punta final del simbolo de 
soldadura. Cuando el simbolo de soldadura para 
una soldadura de tapon se encuentra debajo de la 
linea de referencia, el agujero esta en el lado de 
flecha del miembro de la junta. Cuando el simbolo 
se encuentra encima de la linea de referencia, el 
agujero esta en el otro miembro lateral. También, se 
puede indicar en el simbolo de soldadura el espacio 
(grado de inclinacion) y la profundidad del relleno. 
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Cuando los lados del agujero de soldadura de tapon 
se disminuyen, se incluye en el simbolo el angulo 
en grados. 

Positioning One of two widely used methods 

to distinguish U.S. Customary (inch) units from 
the Systems Internationale (metric) units when 
dual dimensions are applied to a drawing. With 
the positioning method, the inch and metric 
dimensions are positioned in specific locations with 
respect to one another. The units are separated 
either by a horizontal line (usually a dimension 
line) or a slash line. Either the positioning method 
or the bracket method may be used in a drawing 
but not both. The method used is indicated by a 
note on the drawing. 

Posicionamiento Uno de los dos métodos 
utilizados mas comunmente para distinguir 

las unidades convencionales de los Estados 

Unidos (pulgadas) y de las unidades del Sistema 
Internacional (métrico), cuando se aplican 
dimensiones dobles a un dibujo. Con el método de 
posicionamiento, las dimensiones de pulgadas y 
metros se ubican de manera especifica con relacion 
la una a la otra. Las unidades son separadas o por 
una linea horizontal (por lo general una linea de 
dimension) o por una linea diagonal. Se puede usar 
en un dibujo o el método de posicionamiento o el 
método de corchetes, pero no los dos. El método 
utilizado se indica por una nota en el dibujo. 
Radian The unit used to represent a plane angle, 
which is equal to 57.3°. Not often used ona 
drawing except in cases when it is essential that 
the Systems Internationale units be maintained 
throughout the drawing. In such cases, values of 
less than 57.3° are shown as decimal fractions of 

a radian. 

Radian La unidad utilizada para representar 

un angulo de plano, el cual equivale a 57.3°. 

No se utiliza mucho en dibujos salvo en casos 

en los cuales es esencial que las unidades del 
Sistema Internacional sean mantenidas en toda 

la ilustracion. En tales casos, valores menores de 
57.3° se muestran como fracciones decimales de un 
radian. 

Reference dimension A dimension may be 
provided to expedite the reading of a drawing 
without the need for addition or subtraction of 
dimensions to obtain a size. It is not a required 
dimension. A reference dimension is enclosed in a 
parentheses on GDT and coordinate orthographic 
drawings. 

Dimension de referencia Se podria proporcionar 
una dimension para facilitar la lectura de un dibujo 
en el cual no hay que sumar o restar dimensiones 
para obtener un tamano. No es una dimension 


requerida. Una dimension de referencia se escribe 
entre paréntesis en los dibujos de ortograficas 
coordinadas o de GDT (dimensionamiento y 
tolerancia geométrica). 

Reference line The foundation of a welding 
symbol. All the other information (including 
dimensions, weld specifications, and measure- 
ments) in a welding symbol is applied to the refer- 
ence line. A reference line is always drawn horizon- 
tal to the bottom of the print. 

Linea de referencia La base del simbolo de 
soldadura. Todos los demas datos (incluyendo 
dimensiones, especificaciones de soldadura y 
medidas) en un simbolo de soldadura se aplican 

a la linea de referencia. Una linea de referencia 
siempre se traza de manera horizontal, con relacion 
a la parte inferior del impresion. 

Revolved section A cross section view of a shape 
that has been turned (revolved) 90°. A revolved 
section can be placed in a space between break lines 
when break lines are used to indicate a reduced 
length or when the structural shape between break 
lines is not uniform in size. Occasionally, break 
lines may be used to indicate where the revolved 
section applies. Revolved sections are often used to 
aid print interpretation. 

Seccion girada Una vista del corte transversal 

de una forma que ha sido girado 90°. Se puede 
colocar una seccion girada en un espacio entre 
lineas quebradas cuando las lineas quebradas 
indican una longitud reducida 0 cuando la forma 
estructural entre las lineas quebradas no es de 
tamano uniforme. Ocasionalmente, se pueden 
utilizar lineas quebradas para indicar donde se debe 
aplicar la seccion girada. Frecuentamente, se usan 
las secciones giradas para facilitar la interpretacion 
de impresion. 

Sheet metal A piece of metal 3/16” or less in 
thickness and more than 63” in width. Available in 
widths up to 200 inches and lengths of up to 100 feet. 
Metal laminado Un pedazo de metal de 3/16 
pulgadas o menos en grosor y 6 pulgadas de ancho 
o mas. Disponible en anchuras de 200 pulgadas o 
menos y en longitudes de 100 pies o menos. 

Size A dimension. The size of a plug weld refers to 
its diameter in inches at the base of the weld. This 
dimension is located to the left of the weld symbol 
and is preceded by the diameter symbol. 

Tamano una dimension El tamano de una 
soldadura de tapon se refiere a su didmetro en 
pulgadas a la base de la soldadura. Esta dimension 
se encuentra a la izquierda del simbolo de 
soldadura y sigue el simbolo de diametro. 

Sketch A freehand drawing used to describe the 
shape and size of an object. It is used to quickly 
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express ideas, to provide rough drafts in advance 
of finished drawings, to express proportions and 
dimensions, and to make lines, arcs, circles, and 
ellipses, among other shapes. Often used in place 
of finished drawings, particularly when time and 
circumstances do not permit preparation of a 
finished drawing. 

Croquis Un dibujo hecho a mano utilizado 

para describir la forma y tamano de un objeto. 

Se utiliza para expresar ideas de manera rapida, 
para proporcionar borradores anteriores a los 
dibujos terminados, para mostrar proporciones 

y dimensiones y para hacer lineas, arcos, 

circulos y elipses, entre otras formas. Utilizados 
frecuentamente en lugar de dibujos terminados, 
especialmente cuando el tiempo y las circunstancias 
no permiten la preparacion de dibujos terminados. 
Slot weld A weld similar to a plug weld except 
that the shape of the hole is elongated rather than 
round. Slot welds are indicated by the same symbol 
used for plug welds except that a reference to a 
detail drawing is provided in the tail of the welding 
symbol. The detail drawing shows the shape, 
location, and orientation of the slot weld. When 
the weld symbol for a slot weld is located below the 
reference line, the hole is in the arrow side member 
of the joint. When the weld symbol is located above 
the reference line, the hole is located in the other 
side member. When the sides of the slot weld hole 
are to be tapered, the included angle with a degree 
sign is applied to the symbol. The width dimension 
of a slot weld is located to the left of the symbol 
and represents the width of the minor axis of the 
slot at its base. 

Soldadura de ranura Una soldadura similar a 
una soldadura de tapon salvo que la forma del 
agujero es alargadoy no redondo. Se usa el mismo 
simbolo para indicar soldaduras de ranura y 
soldaduras de tapon salvo que una referencia a un 
dibujo detallado se escribe en la punta final del 
simbolo de soldadura. El dibujo detallado muestra 
la forma, ubicacion y orientacion de la soldadura 
de ranura. Cuando el simbolo de soldadura para 
una soldadura de ranura se ubica por debajo de la 
linea de referencia, el agujero se encuentra en el 
lado de flecha del miembro de la junta. Cuando 

el simbolo de soldadura se encuentra por encima 
de la linea de referencia, el agujero se ubica en el 
otro miembro lateral. Cuando los lados del agujero 
de la soldadura de ranura deben ser reducidos, 

se agrega al simbolo el angulo con el simbolo de 
grados. La dimension de lo ancho de la soldadura 
de ranura se encuentra a la izquierda del simbolo 
y representa la anchura del eje menor de la ranura 
a la base. 


Spacing Also called pitch. This specifies the 
location of welds. For plug welds, this dimension 
is provided to the right of the plug weld symbol. 

In the case of slot welds, the spacing (pitch) 
dimension follows the length dimension and is 
preceded by a hyphen. Alternatively, the spacing 
for slot welds may be shown by means of a detail 
drawing. 

Separacion También, grado de inclinacion. Esto 
identifica la ubicacion de las soldaduras. En el 
caso de soldaduras de tapon, se imprime esta 
dimension a la derecha del simbolo de soldadura 
de tapon. En el caso de soldaduras de ranura, la 
dimension de separacion (grado de inclinacion) 
sigue la dimension de longitud y un guion precide 
la dimension de separacion. De manera alternativa, 
se puede mostrar la separacion de soldaduras de 
ranura por medio de un dibujo detallado. 
Steradian The Systems Internationale unit of 
measure for a solid angle. A steradian has its vertex 
in the center of a sphere and cuts off an area of the 
surface of the sphere equal to the area of a square 
having sides the same length as the radius of the 
sphere. For welders, this unit is most likely to be 
used in technical data dealing with lighting. 
Esteradian La unidad de medida de un angulo 
solido del Sistema Internacional. Un esteradian 
tiene su vértice en el centro de una esfera y aparta 
un area de la superficie de la esfera igual que la area 
de un cuadro que tiene lados del mismo largo del 
radio de la esfera. Lo mas probable, los soldalores 
utilizan esta unidad en datos técnicos relacionados 
con la iluminacion. 

Tail An optional portion of an arrow in a welding 
symbol. A tail is added to the symbol, only when 
needed, for the purpose of including a specification 
process or other reference. 

Punta final Una porcion opcional de una flecha 
en un simbolo de soldadura. Se agrega una punta 
final al simbolo, segun se necesite, para poder 
incluir una especificacion de procesamiento u otra 
referencia. 

TYP (typical) An abbreviation used in welding 
symbols to indicate a repetition of identical welds. 
If used, it is shown in the tail of the welding 
symbol. 

TYP (tipico) Una abreviatura utilizada en los 
simbolos de soldadura para indicar la repeticion de 
soldaduras idénticas. Si se utiliza, se imprime en la 
punta final del simbolo de soldadura. 

Weld symbol Refers to that portion of the welding 
symbol that specifies the specific type of weld(s) 
required. The weld symbol is only part of the total 
information that may be contained in the welding 
symbol. 
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Simbolo de soldadura Se refiere a la porcion the weld(s) required. A standard welding symbol 
del simbolo de soldadura que identifica la clase consists of a reference line, an arrow, and a tail. 
precisa de soldadura(s) requerida(s). El simbolo de Simbolo de soldadura Se refiere al simbolo en su 
soldadura es inicamente parte del total de datos totalidad, incluso todos los datos ahadidos, para 
que el simbolo de soldadura puede contener. senalar la(s) soldadura(s) requerida(s). Un simbolo 
Welding symbol Refers to the total symbol, estandar de soldadura consiste de una linea de 


including all information added to it, to specify referencia, una flecha y una punta final. 
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APPENDIX 10 
WELD SYMBOLS— 
ENGLISH-SPANISH 
INGLES-ESPANOL 


ENGLISH 


GROOVE 
SQUARE SCARF BEVEL FLARE-V FLARE-BEVEL 


ESPANOL 


RANURA 
, V- CHAFLAN- 


SIMBOLOS DE SOLDADURA 


(continued) 
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ENGLISH 


PLUG 
FILLET DIAMETER SURFACING 


ESPANOL 


; PUNTO REVERSO 
RANURA_ |ESPARRAGO Oo | O 
PROYECCION RESPALDO 


LAMINA 
(REVESTIDO) 


DIAMETRO 


FILETE | DEL TAPON 


SIMBOLOS DE SOLDADURA 


(continued) 
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ENGLISH 


| CONTOUR 
WELD-ALL- FIELD MELT- ima BACKING SPACER FLUSH 
AROUND WELD THROUGH (SQUARE) (RECTANGLE) | (RECTANGLE) OR CONVEX | CONCAVE 
FLAT 


| 


SUPPLEMENTARY SYMBOLS 


ESPANOL 


CONTORNO 


SOLDAR ANADIDO RESPALDO 

TODO AL- eae ae FUNDIRSE |CONSUMIBLE| SEPARADOR | AL MISMO 

REDEDOR (CUADRADO) |(RECTANGULAR)| NIVELO | CONVEXA | CONCAVA 
PLANO 


rer errr 


SIMBOLOS SUPPLEMENTARIOS 


~ <>. ae 
SBeeeeeeseeseeeseseeeeeeeeeeeeeeeeeeeteeeeeeeweeeeeeeeeeeeeeeeeeee @ 
> © 


Note: Page numbers referencing figures are italicized and followed by an “f”. Page numbers referencing tables 


are italicized and followed by a “t”. 


- (semicolons), 260 


A (amperes), 254 

Abbreviations, welding, 127-130 

ABS (American Bureau of 
Shipping), 299 

Acoustic emission examination 
symbol, 304f 

Actual size, of part, 30 

Address window, 396 

Adjustable Bumper Hitch Details 
drawing, 116f 

AISI-SAE (American Iron and Steel 
Institute-Society of Automotive 
Engineers) classification 
numbers, 45 

Aligned sections, 102 

Alternate positions of side views, 83 

American Bureau of Shipping 
(ABS), 299 

American Iron and Steel Institute- 
Society of Automotive Engineers 
(AISI-SAE) classification 
numbers, 45 

American Petroleum Institute (API), 299 

American Society for Testing and 
Materials (ASTM), 45, 299 

American Society of Mechanical 
Engineers (ASME), 299 

American Welding Society. See AWS 

American Wire Gage (AWG), 60 

Amperes (A), 254 

Angle equal legs, structural shape, 
63t, 67f 

Angle unequal legs, structural shape, 
63t, 67f 

Angles 
dimensions, 22-24, 198, 255, 

207,304 


forming joints with, 150f 
groove, 172 
included, 23, 401 
right, as arc sketching guide, 8f 
API (American Petroleum Institute), 299 
Applied metrics. See Metric 
system 
Arcs 
dimensions, 24-25 
sketching, 8-9 
Area 
derived units for, 255, 256t 
of revolution, 303, 397 
Arrow side 
defined, 118, 130, 397 
fillet weld symbol, 160 
of joints, 311/-312f 
plug weld symbol, 197 
slot weld symbol, 197 
Arrows, 118, 397 
ASME (American Society of 
Mechanical Engineers), 299 
Assembly prints, 115, 117 
Assembly sections, 101 
ASTM (American Society for Testing 
and Materials), 45, 299 
AutoCAD, 350 
Auxiliary views, 82 
AWG (American Wire Gage), 60 
AWS (American Welding Society) 
organization, 118, 299 
symbols, 324t-327t 


Back gouging, 126, 174 

Back welds, 191-192 

Backing material symbol, 174 
Backing run weld symbol, 309t 


Backing welds, 191-192 
Band, structural shape, 62t, 67f 
Base units, metric system, 254 
Baseline, defined, 397 
Baseline dimensioning, 29, 30f, 397 
Basic dimensions, 363, 398 
Basic size, defined, 30 
Bearing pile (HP) beams, 62, 67f, 
68, 385t 
Bearing Support Bracket drawing, 36f 
Bend testing, 299 
Bending, fabricating joints by, 149f 
Bevel dimensions, 23f 
Bevel groove joints, 150, 175f, 206f 
Bevels, 124, 398 
Bills of materials 
preparation of, 42-44 
Project Summary Worksheets, 
45-48 
specifying types of steel, 45 
subassembly prints and, 115 
Birmingham Wire Gage (BWG), 60 
Both sides, defined, 130, 160 
Bracket drawing, 164f 
Bracket method, 30f, 284-285, 398 
Break symbols, 81, 398 
British Standard Ruler, 394f 
Broken-out sections, 102 
Browser, 396 
Built-up surface symbol, 205f 
Butt-welded joints, 147f, 273f, 309t 
BWG (Birmingham Wire Gage), 60 


°C (Celsius), 254 

C (chipping), 123 

Cable Drum drawing, 136f 

CAD (Computer Aided Drafting) 
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CAD (Computer Aided Drafting) 
(continued) 
overview, 346-349 
workstation components, 349-351 

CADD (Computer Aided Drafting 
and Design), 348 

CADkey, 350 

Callout, 30, 398 

CAM (Computer Assisted 
Machining), 348 

Canadian Standard Association 
(CSA), 299 

Candelas (cd), 254 

Celsius (°C), 254 

Center lines, It 

Center Sill Assembly drawing, 267f, 
Foldout drawing #3 

Center-to-center spacing 
dimension, 230 

Central Processing Units (CPUs), 
349f, 350 

Chain intermittent welding, 158, 
211, 212f 

Channel, structural shape, 64t, 67f 

Chassis for Utility Trailer drawing, 
141f, Foldout drawing #2 

Chipping (C), 123 

CIM (Computer Integrated 
Manufacturing), 348 

Circles 
isometric, 12f 
sketching, 8-9 

CJP (complete joint penetration) 
defined, 398 
specifying, 126, 170, 176f 

Clamp Bracket drawing, 56f 

Click, 396 

CNC (Computer Numerical Control), 
348-349 

Coarse metric threads, 258, 395 

Cold-rolled steels, 62, 398 

Commercial mechanical drawing 
sheets, 18 

Common fractions, 22f, 286 

Complete joint penetration. See CJP 

Computer Aided Drafting. See CAD 

Computer Aided Drafting and Design 
(CADD), 348 

Computer Assisted Machining 
(CAM), 348 

Computer Integrated Manufacturing 
(CIM), 348 

Computer Numerical Control (CNC), 
348-349 

Computer terminology, 396 

Concave symbol, 310t 

Constants, metric conversion, 259t 

Consumable inserts, 176 

Continuous welds, 159f, 229 

Contour, defined, 398-399 

Contour symbol 
back welds, 191f, 192 
fillet welds, 159, 160 
groove welds, 173, 19I1f 
melt-thru welds, 191f, 192 
overview, 123-124 


plug welds, 200 
spot welds, 200, 221 
Conventional breaks, views with, 81 
Conventional dimensioning, 29, 399 
Conversion 
chart on prints for dual dimen- 
sioning, 286f—287f 
of inches to millimeters, 258, 259t, 
372t-374t 
of minutes to decimals, 23t 
of pipe sizes to metric system, 392t 
Convex symbol, 310t 
Coordinate dimensioning, 399 
Corner Bracket drawing, 20f 
Corner flange welds, 148f, 211 
Corner joints, preparation for, 147f 
Corrections, print, 87 
Counterbored hole dimensions, 
26-27 
Counterdrilled hole dimensions, 27f 
Countersunk hole dimensions, 26—27 
CPUs (Central Processing Units), 
349f, 350 
Cross sections, 100, 218 
CSA (Canadian Standard 
Association), 299 
Current density, 256t 
Cursor, 396 
Cutting, fabricating joints by, 149f 
Cutting plane, 99, 399 
Cylinders, 12f 


Database, 396 
Datum feature, 361, 362f, 399 
Decimal fractions, 22f, 23, 260 
Decimal gage equivalents, 61t 
Deposition rate, 256t 
Depth (DP), 25 
Depth, groove weld preparation, 
169-170 
Depth of filling, 198-199, 399 
Derived units, metric system, 255-256 
Desktop, 396 
Destructive testing, 299 
Detail prints, 114, 117 
Detail views, enlarged, 83 
Developed views, 83-84, 399 
Die Stand Frame drawing, 354f, 
Foldout drawing #7 
Dimension lines, It, 159f 
Dimensioning methods 
baseline, 29, 30f, 397 
conventional, 29, 399 
Dimensions 
angular, 22-24 
arc, 24-25 
counterbored hole, 26—27 
countersunk hole, 26—27 
drilled hole, 25 
dual dimensioning, 30, 282-298 
linear, 22—24 
pipe, 275, 389-391 
plug weld, 198-200 


purpose of, 22 
radius, 24-25 
scale sizes, 28 
spot weld, 198-200, 218-220 
spotface, 26-27 
symbols, 124-125, 312-327 
terminology, 30 
thread, 28-29 
tolerance, 27-28 
Direction 
of radiation, 304f 
of surface built up by welding, 206f 
Double click, 396 
Double extra strong pipe, structural 
shape, 67f 
Double fillet welds, 156f 
Double-line drawings, 271, 273-274 
DP (depth), 25 
Drill dimension chart, 393t 
Drilled holes, 23, 25 
Drop-down list, 396 
Dual dimensioning, 30, 282-298, 399 
Duplicate welds, 127 


Eddy current examination, 301 
Edge welds, 193f, 211-217, 309t 
Electrical resistivity, 256t 
Electrode force, 256t 
Electromagnetic examination, 301 
Electromotive force, 255 
Ellipses, sketching, 8-9 
E-mail, 396 
Embossments, 225 
Engine Mount Rear drawing, 298f, 
Foldout drawing #6 
English 
symbols, 406-408 
terminology, 397-405 
Enlarged detail views, 83, 399 
Enlarged scale size, 28 
Examine-all-around symbol, 304f 
Examination symbol, 304f 
Extension lines, 1t, 157, 159f 
Extent of fillet welds, 157-158, 160 
External threads, 28-29 
Extra strong pipe, structural 
shape, 67f 


Fabricated T-supports, 11f 
Fabrications, weldment. See Joints 
Faying, 218, 400 
Feather edges, 23, 400 
Feature control frames, 360f, 
362f, 364f 
Features, defined, 361, 400 
Features of location, 361, 400 
Features of size, 361, 400 
Field weld symbols, 123 
Fillet welds 
contour indications, 159 
determining extent of, 157-158 
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finishing indications, 159 
length of, 157 
overview, 156 
pitch and intermittent welding, 
158-159 
size of legs, 156-157 
symbol, 119f—120f, 159-160, 309t 
Fine metric threads, 258, 395 
Finish symbols 
back welds, 191-192 
defined, 400 
fillet welds, 159 
groove welds, 173 
melt-thru welds, 191-192 
overview, 123-124, 130f 
plug welds, 200 
slot welds, 200 
spot welds, 221 
First-angle orthographic projection, 
284, 328-330 
Fittings 
double-line drawings, 274f 
symbols, 271f—-272f 
Fitup, joint, 150 
Flame cut holes, 23, 27f 
Flange butt weld symbol, 211 
Flange symbols, 192, 272f 
Flare bevel groove symbol, 212-213 
Flare V-groove symbol, 212-213 
Flat bar, structural shape, 43, 62t, 
67f, 400 
Flat symbol, 310t 
Flat-contour symbol, 221 
Flow rate, 256t 
Flush-contour symbol, 221f, 231 
Fold joint symbol, 309t 
Fractions 
common, 22f, 286 
decimal, 22f, 23, 260 
Fracture toughness, 256t 
Full length bevel dimension, 23f 
Full sections, 99-100 
Full surface buildup symbol, 205f 


G (grinding), 123 

GDT (geometric dimensioning and 
tolerancing) dimensioning, 
359-371, 400 

Gear Blank drawing, 108f 

General notes, 17 

Geometric characteristic symbols, 
359f,, 401 

Geometric dimensioning and tol- 
erancing (GDT) dimensioning, 
359-371, 400 

Geometric symbol modifiers, 
399), 401 

Grinding (G), 123 

Groove angles, 172 

Groove welds 
back gouging, 174 
backing material symbol, 174 
backing welds, 191 


combinations, 173-174 

consumable inserts, 176 

contour indications, 173 

depth of groove preparation, 

169-170 

finishing indications, 173 

groove angle, 172 

length, 171 

melt-thru welds, 192-193 

pitch, 171 

root opening of, 171-172 

seal welds, 176 

size, 170-171 

spacer material symbol, 174-175 
Guide points, 8 


H (hammering), 123 

Half oval bar, structural shape, 63t, 67f 

Half sections, 100, 401 

Hammering (H), 123 

Hardness testing, 299 

Hardware 
CAD workstations, 349-351 
defined, 396 

Height of reinforcement, 191 

Hexagon bar, structural shape, 
63t, 67f 

Hidden lines, It 

Hot Water Tank drawing, 138f, 
Foldout drawing #1 

Hot-rolled steels, 62, 401 

HP (bearing pile) beams, 62, 67f, 
68, 385t 

Hub cap punch, 208 

Hydrostatic testing, 301 

Hyperlink, 396 


Icon, 396 
Imagined, 99-100, 401 
Impact strength, 256t 
Impact testing, 299 
Inch thread designation, 257 
Inches (in), conversion to millime- 
ters, 258, 259t, 372t-374t 
Inch/metric dual dial, 287f 
Inclined joint symbol, 309t 
Included angles, 23, 401 
Insertion point, 396 
Inspection 
destructive, 299 
nondestructive, 299-301 
Intermittent welding, 158-159, 
171f,230 
Internal threads, 28-29 
International Organization for 
Standardization. See ISO 
Internet, 396 
Intersecting arcs, 9f 
ISO (International Organization for 
Standardization) 
screw threads, 257 


symbols 
application of to drawings, 
327-330 
dimensions, 3]12—327 
elements of, 310-312 
overview, 309-310 
Isometric circles, 12f 
Isometric cylinders, 12f 
Isometric sketching, 11-12, 275f, 278f 


J-groove welds, 124, 169f 
Jig Support drawing, +f 
Joints 
arrow side/other side, 311-312 
bevel groove, 150, 175f, 206f 
butt-welded, 147f, 273f, 309t 
Cir 
defined, 398 
specifying, 126, 170, 176f 
fold, 309t 
forming with angles, 150f 
inclined, 309t 
indicating which member 
to prepare, 312 
lap, 225f 
plug welds with three or more, 
200 
socket-welded, 273f 
surface, 309t 
for weldment fabrications, 146-150 


Kelvin (K), 254 
Keyboard, 350, 396 
Kilograms (kg), 254t, 256t, 401 


Ee 


Landing Bracket drawing, 74f 
Lands, 23 
Lap joints, 225f 
Laptop, 396 
Leader lines, 1t 
Leaders, 17, 23-25, 29 
Leak examination, 301 
Left oblique views, 10f 
Left side views, 82 
Left-handed threads, 29 
Legs 
fillet weld, 156-157, 160 
structural angles with, 63t, 67f 
Length 
of channel, 150 
edge weld, 212f 
fillet weld, 157, 160 
groove weld, 171 
seam weld, 230f-231f 
of surface built up by 
welding, 206f 
Letter designations for welding 
processes, 128t—129t 
Linear dimensions, 22—24, 256t 
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Lines 
multiple reference, 127 
overview, 1—7 
sketching, 8 
Link, 396 
Local notes, 17 
Location 
defined, 402 
overview, 22f 
of weld symbols, 119-120, 126 
Location window, 396 
Long break lines, 2t 


m (meters), 254, 402 
Machining (M), 123 
Macro etch testing, 299 
Magnetic particle examination, 300 
Mandrel Pulley Ass’y drawing, 
Foldout drawing #9 
Manufacturer's Standard Gage for 
Sheet Steel, 60 
Materials. See also Bills of materials 
backing, 174 
metric sizes, 258-259 
spacer, 174-175 
Melt-thru welds 
contour indications, 191-192 
finishing indications, 191-192 
groove symbols, 192-193 
overview, 191 
size of, 191 
symbol, 212-213 
Menu, 396 
Menu bar, 396 
Metal, shape designations 
bearing pile beams, 385t 
channels, 386t—388t 
miscellaneous beams, 383t 
standard beams, 384t 
wide-flange beams, 375t-382t 
Metal plate, 43, 402 
Meters (m), 254, 402 
Metric Ruler, 394f 
Metric system. See also Conversion; 
Dimensions 
equivalents table, 374 
material sizes, 258-259 
prefixes, 256 
standard practices for drawings, 
259-261 
structure of 
base units, 254 
derived units, 255-256 
supplementary units, 254-255 
threads, 257-258, 395 
Microsotation, 350 
Millimeters (mm), conversion to 
inches, 258, 259t, 372t-—374t 
Minutes, converted to decimals, 23t 
Models, 9, 348 
Mold Positioner drawing, 184, 
Foldout drawing #5 
Moles (mol), 254 
Monitor, 350, 396 


Motor Adaptor Bracket drawing, 166f 
Motor Support Frame drawing, 235f, 
foldout drawing #4 

Mouse, 350, 396 

Multiple arrows, 157 

Multiple member spot welds, 221 
Multiple reference lines, 127, 130, 
174f, 206f, 311f 

Multiple weld symbols, 124 
Multiple-detail prints, 114f 
Multiple-joint seam welds, 231 
Multiple-layer surface welds, 206f 
Multiplication symbols, 261 


N (Newtons), 219, 229 
National Coarse (NC) thread forms, 
29, 257 
National Extra Fine (NEF) thread 
forms, 257 
National Fine (NF) thread forms, 
29,251 
National Pipe Straight (NPS) thread 
forms, 258 
National Pipe Taper (NPT) thread 
forms, 258 
NC (National Coarse) thread forms, 
29. 257 
NEF (National Extra Fine) thread 
forms, 257 
Newtons (N), 219, 229 
NF (National Fine) thread forms, 
29, 257 
Nick break testing, 299 
Nondestructive testing 

eddy current, 301 

leak, 301 

magnetic particle, 300 

overview, 299-300 

penetration, 300-301 

proof, 301 

radiographic, 300 

symbols, 301-305 

ultrasonic, 300 

visual, 300 
Notes, 17-21, 25 
NPS (National Pipe Straight) thread 
forms, 258 
NPT (National Pipe Taper) thread 
forms, 258 
Number of welds, 124, 130, 198, 
235, 402 


Object lines, It 

Oblique cylinders, 12f 

Oblique sketching, 10-11 

Oblique views, 275f 

Obsolete weld symbols, 123 

Octagon bar, structural shape, 
63t, 67f 

Offset sections, 102 

Online, 396 


Ornamental Support Post drawing, 92f 


Orthographic projection, 1, 3f, 126, 
328-330 
Oscilloscopes, 300 
Other side weld 
defined, 118, 130, 402 
fillet weld symbol, 160 
of joints, 311f 


P (planishing), 123 
PC (personal computers), 396 
Partial length bevel dimension, 23f 
Penetration examination, 300-301 
Perimeters, phantom object, 101 
Permanent backing strip used 
symbol, 310t 
Personal computer (PC), 396 
Phantom lines, 2t 
Phantom sections, 101-102, 402 
Pictorial pipe layout, 278f 
Pipe Hanger drawing, 296 
Pipes 
conversion of sizes to metric 
system, 392t 
dimensions and weights, 
389t-391t 
layouts 
dimensioning, 275 
methods of representing, 275 
symbols for, 271-274 
thread designations, 258 
Pitch 
designating, 124, 212f 
groove weld, 171 
intermittent welds, 158-159, 230, 
231f 
spot welds, 219, 220f 
Plane areas, 302—303, 402 
Planes, 328, 329f 
Planishing (P), 123 
Plate bar, structural shape, 62t, 67f 
Platform Bracket Holder drawing, 72f 
Plug welds 
contour indications, 200 
defined, 403 
dimensions, 198—200 
finishing indications, 200 
overview, 197-198 
symbol, 309t 
with three or more joints, 200 
Portable Test Tank drawing, 294f 
Positioning, 282f—283f, 403 
Power density, 256t 
Preferred cutting plane line, 2t 
Prefixes, metric, 256 
Preparing bills of materials, 42-44 
Pressure, 256t 
Printers, 350 
Prints 
assembly, 115, 117 
corrections and revisions on, 87 
detail, 114, 117 
subassembly, 115-117 
Process reference, 229f, 231f 
Project Summary Worksheets, 45-48 
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Projection welds, 225-228 
Proof examination, 301 
Pump Base drawing, 76f 


& 


Quadrants, 329f 


R (rolling) finish, 123 

Radian, 254-255, 403 

Radiographic examination, 300 

Radius dimensions, 24—25 

Reaming, 23 

Receding lines, 10 

Rectangular bar, structural shape, 
62t, 67f 

Rectangular tubing, structural shape, 
65t, 67f 

Reduced scale size, 28 

Reel Cover Bracket drawing, 52f 

Reference dimensions, 29, 363, 403 

Reference lines, 118, 127, 218, 403 

Removable backing strip used 
symbol, 310t 

Removed sections, 102 

Resistance-type welds, 225 

Revisions, print, 87 

Revolved sections, 81, 100-101, 404 

Revolved views, 84-86 

Right oblique views, 10f 

Right side views, 82 

Robot Table drawing, 186f—187f 

Roller Stand Weldment drawing, 
368f, Foldout drawing #8 

Roller Support drawing, 34f 

Rolling (R) finish, 123 

Root openings, 150, 171-172 

Rotisserie Motor and BRG Stand 
drawing, 330 

Round bar, structural shape, 63t, 67f 

Round tubing, structural shape, 
66t, 67f 


s (seconds), 254 

S (standard) beams, 62, 65t, 67f, 
68, 384t 

Scale sizes, 28 

Scanners, computer, 350 

Screen saver, 396 

Screen, computer, 350, 396 

Screw threads, 257 

Scroll bar, 396 

Scroll, 396 

Seal welds, 176, 176f 

Seam welds 
flush-contour symbol, 231 
multiple joint, 231 
overview, 229-231 
symbol, 309t 

Search engine, 396 

Seconds (s), 254 


Section lining, extent of welds, 157 
Sections 
aligned, 102 
assembly, 101 
broken-out, 102 
full, 99-100 
half, 100, 401 
other, 102-104 
phantom, 101-102, 402 
revolved, 81, 100-101, 404 
Semicolons (;), used for metric dimen- 
sioning, 260 
Shapes, structural 
common, 66-68 
overview, 60-66 
Shear strength, 219 
Sheet, structural shape, 67f 
Sheet metal, 43, 60, 404 
Short break lines, 2t 
SI (Systems Internationale), 254 
Side views, 83 
Single-bevel butt weld 
symbol, 309t 
Single-bevel butt weld with broad 
root face symbol, 309t 
Single-J butt weld symbol, 309t 
Single-line pipe layouts, 271, 
272f-273f, 275f, 277f 
Single-U butt weld symbol, 309t 
Single-V butt weld symbol, 309t 
Size 
application of to seam-weld 
symbol, 231f 
back weld, 191 
defined, 404 
fillet weld, 156-157 
groove weld, 170-171 
melt-thru weld, 191 
pipe, 392 
plug weld, 198f 
purpose of, 22f 
structural shape, 62t—66t 
stud weld, 235 
Sketching 
arcs, 8-9 
circles, 8—9 
defined, 404 
ellipses, 8-9 
isometric, 11-12 
lines, 8 
oblique, 10-11 
purpose of, 8 
Skid Type Engine Base drawing, 78f 
Slide Support drawing, 180f 
Slot welds 
contour indications, 200 
defined, 404 
dimensions, 198—200 
finishing indications, 200 
overview, 197-198 
symbol, 309t 
Socket-welded joints, for pipe, 273f 
Software 
CAD, 349, 350-351 
defined, 396 
Spacer Bar drawing, 48f 


Spacer material symbol, 174-175 
Spacing, 198, 235, 404 
Spanish 
symbols, 406-408 
terminology, 397-405 
Special information, designation of, 
125-126 
Specifications, 17-21 
Spot welds 
contour indications, 221 
dimensions, 218—220 
finishing indications, 221 
overview, 218 
symbol, 309t 
Spotfaced dimensions, 26-27 
Spotfaced holes, 27f 
Spring Shackle drawing, 104f 
Square bar, structural shape, 62t, 67f 
Square butt weld symbol, 309t 
Square groove welds, 159f 
Square tubing, structural shape, 65t, 67f 
Staggered intermittent welds, 
171,21 
Standard (S) beams, 62, 65t, 67f, 
68, 384t 
Standard pipe, structural shape, 67f 
Standard sheet metal gage, 60 
Steel, specifying types of, 45 
Steel rule diagrams, 394 
Steep-flanked single-bevel butt weld 
symbol, 309t 
Steep-flanked single-V butt weld 
symbol, 309t 
Steradian, 255, 405 
Strength dimension, 229f—230f 
Strip, structural shape, 62t, 67f 
Strongback Stand drawing, 371, 
Foldout drawing #10 
Structural shapes 
common, 66—68 
designations for metal, 375-388 
joints used with, 148-150 
overview, 60—66 
Stud welds, 235-253 
Subassembly prints, 115-117 
Suffixes, 130f 
Supplementary units, metric system, 
254-255 
Support Arm drawing, 94f 
Surface joint symbol, 309t 
Surfacing weld symbol, 309t 
Surfacing welds, 205-210 
Symbols. See individual symbols by 
name; Weld symbols; Welding 
symbols 
Systems Internationale (SI), 254 


T 


Tail, welding symbol 118, 174f, 404 

Tapped holes, 28-29 

Taskbar, 396 

Tee (T-bar), structural shape, 64t, 
67f, 150f 

Tensile strength, 256t, 299 

Test symbols, 302 
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Testing 
destructive, 299 
nondestructive, 299-301 
Thermal conductivity, 256t 
Third-angle projection, 284 
Thread heights, 393 
Threads 
dimensions, 28-29 
fine and coarse metric, 395 
ISO, 257 
pipe, 258 
Three-dimensional drawings, 9, 348 
Three-member assemblies, 200 
Title bar, 396 
T-joints, 148f 
Toes shall be blended smoothly 
symbol, 310t 
Tolerance zones, 365 
Tolerances 
metric, 260 
overview, 27-28 
weld symbol, 130 
Toolbar, 396 
Travel speed, 256t 
Triangles, 8f 
True projection, 86f 
True shape, 100, 218 
Two-joint fillet welds, 120f 
Typical (TYP) abbreviation, 127, 405 


U (unspecified), 123, 173 

U-groove welds, 170f 

Ultrasonic examination, 300 

UNC (Unified National Coarse) 
thread forms, 29 

UNF (Unified National Fine) thread 
forms, 29 

Unidirectional dimensioning 
system, 22 

Unified National Coarse (UNC) 
thread forms, 29 

Unified National Fine (UNF) thread 
forms, 29 


Uniform Resource Locator 
(URL), 396 
Unspecified (U), 123, 173 
Untrue projection, 86 
URL (Uniform Resource 
Locator), 396 


VW 


Valves, 271f, 274f 
V-groove welds, 6f, 169, 174f 
Views 
alternate positions of side, 83 
auxiliary, 82 
basic, 1—4 
with conventional breaks, 81 
corrections and revisions on 
prints, 87 
developed, 83-84 
enlarged detail, 83 
orthographic, 1, 3f, 126, 
328-330 
revolved, 84-86 
right and left side, 82 
true projection, 86f 
untrue projection, 86 
Visual examination, 300 
Volume derived units, 255 
Volume dimensions, 256t 


W (wide-flange) beams, 62, 65t, 67f, 
68, 375t-382t 

WWW or Web, 396 

Web address, 396 

Weight 
beam, 63 
pipe, 389-391 

Weld symbols 
defined, 118, 405 
dimension tolerance, 130 
English and Spanish, 406-408 
location of, 119-120 
multiple, 124 


obsolete, 123 

overview, 121f 

use of fillet welds in combination 
with other, 159-160 


Weld-all-around symbol, 123, 


123f, 157f 


Welding abbreviations, 127-130 
Welding symbols 


contour and finish, 123-124 
defined, 405 
designation of member to be 
beveled, 124 
designation of special information, 
125-126 
dimensions on, 124-125 
duplicate welds, 127 
elements of, 120-122 
ISO 
application of to drawings, 
327-330 
dimensions, 3]2—327 
elements of, 310-312 
overview, 309-310 
location of on orthographic 
views, 126 
multiple reference lines, 127 
nondestructive examination, 
301-305 
overview, 118-119 
pipe layouts, 271-274 
preferred, 123 
Weldment fabrications. See Joints 
Wide-flange (W) beams, 62, 65t, 67f, 
68, 375t-382t 
Width, surface, 206f 
Window, 396 
Windows® operating system, 396 
Wire feed rate, 256t 
Working prints, 114 
Workstations, CAD, 349-351 
World Wide Web (WWW or Web), 396 


Zee bar, structural shape, 64t, 67f 
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SILLS MUST BE WATERPROOF AND HAVE A MINIMUM GROOVE WELD 
SIZE OF 60% OF THE JOINT THICKNESS, WITH AN ULTIMATE TENSILE 
STRENGTH ACROSS THE WELD OF 40,000 PSI. WHERE COVER PLATE, 
AND SO ON, ARE TO BE APPLIED TO TOP SURFACE, THE WELD MUST 
BE GROUND SMOOTH. WHERE THE CENTER SILL SECTIONS ARE 
AUTOMATICALLY WELDED, THE GROOVE WELD SIZE IS TO BE A 
MINIMUM OF 75%, AT BOLSTERS, THE GROOVE WELD SIZE IS TO BE 
100% FOR A MINIMUM DISTANCE OF 609.6 ON EACH SIDE OF BOLSTER 
CENTER LINE. 
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TOP FLANGES TO BE BROUGHT FLUSH 
& SQUARE BEFORE WELDING 
THE BOTTOM OF THE CENTER BRACE ve 
ALL DIMENSIONS ARE 
IS TO BE FLUSH WITH THE BOTTOM OF IN MILLIMETERS (mm) 
ROUNDED OFF TO ONE 
DECIMAL PLACE 
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PARTS REQUIRED Ex PAT NO. MAT'L. | No. PARTS REQUIRED Fo. | PATNO. | MAT'L. | No. | PARTS REQUIRED || PAT.NO. | MAT'L. 
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NOTES: 1.ALL GROOVE WELDS MADE WITH 
COMPLYETE JOINT PENETRATION. 


2. WELDS STRESS RELIEVED AT 1150° F 
FOR ONE HOUR. 


3. LEGS OF ALL FILLET WELDS TO BE 3/8' 
UNLESS OTHERWISE DIMENSIONED. 


4. THERMAL CUT OPENINGS SHOWN IN 
PLATE "A". 
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SPACERS ON BOTH ENDS TO 
BE INSTALLED ONLY AFTER 
ALL WELDING COMPLETED. 


COMPREHENSIVE REVIEW 


3" S BEAM 5.7 LB PER FT 


5” S BEAM 10.0 LB/FT 


6" CHANNEL 10.50 LB/FT 
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13 | SCR. HEX. HD. CAP 3/4-10 x 4"LG., ST., SAE. GR5 
12 


HYDR. PWR. UNIT VICKERS SYSTEM-PAK 
le 


TK 5VC-20-M-PIA-S8C-FNY 


AB-GF20-F1-A3-WB 


MOD. RAC-0187 COUPLER, ROD ALIGN; 
SHEFFER CORP. 
40 MOD. 5HHT 48K HYDR. CYL., S/N 1210741 1 $290 

5" BORE, 2 1/2" ROD, 48" STROKE; SHEFFER CORP. 

| o | WHEEL BRAKE; MAC-CARR PIN 2432777 fo ja 
SWIVEL CASTERS, @8" PHENOLIC, 15 
2000 LB. CAP.; MAC-CARR, P/N 2432726 

| 7 | P/N 660-50476 FT. BRKT.; SHEFFER CORP. 


| 6 | DWG. C-T0213 PISTON END SUPPORT fa 1 
} 5 | DWG. D-T0083 MT. BLOCK-HYDR. CYL. EE 


| 4 | DWG. C-T0090 BRACKET 


DWG. C-T0212-2 BEAM DOLLY 


DWG. C-T0212-1 BEAM DOLLY 


DWG. C-T0211 BEAM BASE 
DESCRIPTION EST.WTJEA. 


U.S.COMPOSITES CORP. 


DECIMAL: MATL: SCALE: DRN.BY: 
" 
11 eros, | BY: 


co | TITLE: MANDREL PULLER ASS'Y. 


DeRMAR, aes PENN files DATE: DRAWING NUMBER: 
ALL RIGHTS RESERVED REF: APPROX. WT. 1800 Ibs. 
PRINTED IN U.S.A. C-T0214 


FOLDOUT 10: STRONGBACK STAND 


9.00" (REF.) 


aa Ee ES ee ee 


6X 
0.562" THRU. 


© |.03 2X 
Z.781" THRU. 


2x 
9.00" 24.00" (REF.) 


AN 


15.00" 


an Ca anc) a 


2X} 4.42 
10.12" (REF.) 9.00" 


A 


8X 
00" X 45° CHAMFER 


21" x 21" x 4" STR. STL.Z (2 REQD.) 


Wa: / 012" (MAX) 
a ie 


2X 


R1.12 (REF.) 


BREAK ALL SHARP CORNERS 
& EDGES ON TBG. TO APPROX. R.015 


DELMAR, CENGAGE LEARNING 


ALL RIGHTS RESERVED ANGULAR: DATE DRAWING NUMBER. REV. 
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10" x 4"x 3" WALL RECT. STR. STL. TBG. 


